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Suiiimary 
This report presents results from soil and landform mapping at a scale of 1:250,000 for 
approximately 2.1 million hectares of the wheat-sheep belt of Western Australia. The study 
area corresponds with the Geraldton advisory district for Agriculture Western Australia and is 
the northern extent of the wheatbelt. 
The area covers parts of three major geological regions of Western Australia: the Perth Basin, 
Carnarvon Basin and the Yilgarn Craton. 
Fifty-one soil-landscape systems have been identified, some of which have been divided into 
subsystems, and are illustrated on the accompanying maps. The landform, parent material, 
rainfall, land use, native vegetation and soils are described within the text. 
Forty-eight soil series are described. Five soil properties and six degradation risks are 
described for each soil series. The areas for each system are indicated with approximate 
proportions for soils. 
The report provides an inventory of the soil and land resources of the Geraldton agricultural 
region for use in regional land use planning and interpretation. 
The shape o f  the trees on the Greenough flats south o f  Geraldton is affected by the strong 
prevailing winds. 
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How tr_ rir31 thl!7; report 
To find a soil description from the map 
Step 1. Identify which soil-landscape system you are in by using the map or maps. 
The system may be subdivided into a number o f  subsystems, e.g. Northampton System has 
two subsystems which occur as No l  and No2. Let's assume we are in No 1. 
Step 2. Turn to the chapter on map units and find the system (listed alphabetically) identified in 
step I. 
Example, turn to Northampton System where a table details the two subsystems and the soil 
series found there. Use the soil series description and cross-section diagram to help identify 
soil series in the field. 
Step 3. Turn to the soil series identified from the system table. 
I f  the detailed description does not fit the soil, refer to similar soils by way o f  Table 9 on 
page 94. You may have a phase or variant o f  the main soil, or a soil that has not been 
described. A central register is held with Agriculture Western Australia for soil series in 
other surveys across the State. 
or  Refer to tables on the back o f  maps for brief description o f  soil series. 
To find occurrence of soil type on map 
Step 1. Identify soil group from Table 9 on page 94. 
Follow the table down to level o f  detail required. This will match one or more soil series. 
The right side o f  the table lists subsystems found on the map for each soil series. 
Alternatively you may go straight to the map and use broad groupings from the colour 
legend. 
Step 2. From the subsystem/s identified in Table 9 go to the legend on the map. 
o r  Use the large table on the back o f  the maps. 
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ntrr iticn 
The aim o f  this study is to provide an inventory o f  the soil and land resources o f  the 
Geraldton agricultural region for use in regional land use planning and as a reference o f  soil 
information for land users. The study was undertaken by Agriculture Western Australia with 
funding from the National Landcare Program. It is part o f  an ongoing program to map the 
land resources o f  the agricultural regions o f  Western Australia. 
Published resource information is available for the area at a scale o f  1:250,000 on original 
vegetation by Beard (1976a,b,c,d,e) and for geology by the Geological Survey o f  Western 
Australia. Soil infoimation has been published at a scale o f  1:2,000,000 in the Atlas of 
Australian soils (Northcote et al. 1967). Historical records were referenced by Moore and 
Wallace (unpublished). Land use data is available from the Australian Bureau o f  Statistics and 
climatic information from the Bureau o f  Meteorology. 
The study area lies within the northern wheat/sheep belt o f  Western Australia. It is limited to 
the west by the Indian Ocean, to the north and east by pastoral lands (corresponding roughly to 
300 mm annual rainfall) and to the south by the boundaries o f  the Irwin, Mingenew and 
Morawa Shires. The study includes all lands in the Shire o f  Mingenew and the agricultural 
zones in the Shires o f  Chapman Valley, Greenough, Irwin, Morawa, Mullewa and 
Northampton. Total area is approximately 20,600 km2 or more than 2 million hectares (see 
Figure 1). 
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Figure 1. Location o f  the survey area in relation to the rest o f  Western Australia. 
# published at 1:1,000,000 
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History of k i d  une 
Aboriginal people occupied this region for thousands of years but the first European visitors 
were shipwrecked Dutch seafarers on the way to the Dutch East Indies in the seventeenth 
century. Following the establishment of the Swan River Colony by the British in 1829 the 
area around Geraldton was first explored in 1839 by Lieutenant (later Sir George) Grey and 
his party. It was not a planned excursion as Grey lost his boats in the surf at the mouth of 
the Murchison River after visiting Shark Bay, and had to walk 600 km back to Perth. On 
this trek he named the local rivers (Murchison, Hutt, Bowes, Irwin, Arrowsmith, Smith) and 
called the district after Queen Victoria. 
The Gregory brothers, Augustus Charles and Francis Thomas, explored the district in 1846 and 
1848 and discovered promising agricultural land, deposits of coal in the Irwin River and lead in 
the Murchison River. The mine from the lead find was named Geraldine after the Governor of 
the Colony, Sir Charles Fitzgerald, who visited it in December 1848. Port Gregory was 
surveyed to ship the ore but proved unsuitable and it was sent to the port of Geraldtown, later 
contracted to Geraldton. The town site of Geraldton was occupied in 1851, declared a 
Municipality in 1871 and a Town in 1961. 
Agricultural land was taken up on the Greenough Flats between 1853 and 1857 where wheat, 
barley, oats and hay were grown. Pastoral land was developed between 1849 and 1862 for 
blocks up to 60 km from the coast. Further development followed the completion of the 
Midland Railway linking Perth and Geraldton in 1894 and the discovery of gold in the region 
during the 1890s which led to a sudden population growth and demand for agricultural 
produce. The heavier textured valley floor soils were developed first with allocations of 400 
hectares (1000 acres) of the heavier red loams for each farm. Further development occurred 
when the government railway to Morawa was completed in 1913 and to Mullewa in 1915. 
By the 1930s most present day agricultural areas were allocated, limited to the east and north 
by the 300 mm (12 inch) rainfall line. However, about 60% of the survey area remained 
uncleared due to the infertile sandplain soils. In 1887 the Commission on Agriculture 
described this sandplain country as "useless country, unfit for almost anything, intersecting the 
good land." The sandplain was developed from the early 1950s through use of trace elements, 
nitrogen fertilisers and large machinery. Relatively stable cropping systems were developed 
when the sweet lupin (Lupinus augustifolius) was released in 1967. Reduced tillage systems 
were developed during the 1970s using a range of herbicides which helped control wind 
erosion and soil structure decline. 
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Current land uses 
The dominant land use is agricultural production. Farming systems involve a rotation o f  land 
uses around three central themes: cropping o f  cereals (wheat, barley or oats), cropping of 
legumes (lupins, field peas, faba beans) and grazing o f  subterranean clover and medic-based 
pastures by sheep with a few cattle. The mix o f  farming enterprise depends on soil type and 
rainfall. Small areas o f  horticulture exist around Northampton, east o f  Dongara and on the 
outskirts o f  Geraldton. 
Mining has also been significant over the years. Local industries have included lime sand south 
o f  Dongara, an iron ore mine at Koolanooka Hills, kaolinite deposits north o f  Mullewa, 
gypsum and garnet in Hutt Lagoon, natural gas, numerous gravel pits for road construction, 
yellow sand for building materials and a limestone quarry south o f  Geraldton. 
Table 1. Value o f  agricultural commodities produced in the region and expressed as 
percentage o f  south-west Western Australia for 1992-93. 
Commodity Value $ '000 % o f  south-west WA 
Wheat 137,105 13 
Lupins 39,899 24 
Wool 34,028 6 
Barley 13,632 8 
Sheep 12,691 8 
Hay 3,753 5 
Cattle 2,995 2 
Pigs 2,484 4 
Oats 1,274 2 
Vegetables 592 <1 
Fruit 17 <1 
Grapes 2 <1 
TOTAL 249,854 8 
Source: Australian Bureau o f  Statistics. 
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Table 2. Land use statistics by shires for 1992-93 [from ABS survey March 19931. 
Chapman 
Valley 
Greenough Irwin Mingenew Morawa Mullewa Northampton 
Total  area 
'000 ha 314.9 339.9 120.5 189.4 319.8 857.6 591.6 
No. of 
establishments 108 104 47 53 97 124 160 
Population (1990) 764 6880* 2149 662 1146 1368 3184 
Crops 125.2 43.2 24.1 74.9 103.1 192.1 130.5 
Wheat '000 ha 80.1 19.1 10.7 43.4 87.7 133 68.1 
Ave. yield t/ha 1.8 1.8 1.8 1.8 1.5 1.6 2.0 
Barley '000 ha 8.5 3.5 1.5 6.3 5.5 7.5 13.0 
Ave. yield t/ha 2.0 2.2 1.7 1.5 1.5 1.8 2.0 
Oats# '000 ha 1.6 5.6 1.7 1.4 2.6 3.6 3.4 
Ave. yield t/ha 2.3 3.6 2.6 0.9 0.8 0.8 1.9 
Lupins '000 ha 34.5 13.7 9.1 22.6 6.2 45.2 45.2 
Ave. yield t/ha 1.0 1.0 0.95 1.3 0.9 1.2 1.3 
Field peas '000 ha .01 0.1 ---- 0.5 0.4 --- --- 
Ave. yield t/ha 1.0 2.0 --- 0.4 1.0 --- --- 
Faba beans '000 ha --- 0.1 0.7 0.1 0.1 --- --- 
Ave. yield t/ha --- 2.0 2.0 1.0 2.0 --- --- 
Sown pastures 68.0 58.6 59.5 43.4 87.7 133 68.1 
'000 ha 
Livestock '000 
Sheep 217.6 211.3 148.2 162.2 142.2 201.3 358.0 
Lambs 73.5 58.5 35.8 57.8 47.3 60.0 125.0 
Cattle (beef) 1.5 7.6 5.2 0.8 6.3 0.6 3.1 
Pigs 1.3 0.5 0.1 0.5 1.6 4.5 2.0 
* Includes outskirts o f  Geraldton. The population o f  Geraldton was 21,386 in 1990. 
# Study area includes 13,306 ha  o f  Yalgoo Shire. 
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The climate is characterised by mild wet winters and warm to hot dry summers. These 
seasons were classified as Dry Warm Mediterranean by Beard (1976) following the 
methods used o f  Bagnouls and Gaussen (1957). 
Rainfall 
Winter rains are the dominant source o f  precipitation and occur mainly from cold fronts 
moving in an easterly direction over the Indian Ocean. These rains are quite effective for plant 
growth as evaporation is low and their low intensity enables infiltration into the dominantly 
sandy soils o f  the region. Widespread falls can also occur when moist air feeds in from the 
north-west and is lifted by the passage o f  cold fronts. Frontal activity usually occurs from 
April to November with most useful rains falling from May to August. Rain from frontal 
systems decreases east and north from the coast. Agricultural growing seasons are four to five 
months long on the coast but only three months at the eastern margins o f  the agricultural areas. 
The growing season is determined as that part o f  the year when rainfall is greater than the 
effective rainfall (Prescott 1951) as cited in Bureau o f  Meteorology 1971, and is given by 
P/E°7 = 0.54 where P is the effective rainfall and E is evaporation. 
Summer rains do not usually provide sufficient water for commercial crops, are unreliable and 
tend to occur late in summer in the east o f  the study area. Summer rains are caused by  the 
formation o f  troughs and moist air from the north-west and occasionally from tropical cyclones 
which degenerate to rain bearing depressions. Although unreliable, the summer rains provide 
important subsoil moisture to supplement the modest winter rains in the eastern fringe o f  the 
agriculture zone. Effectiveness is limited by the patchy nature o f  the falls from thunderstorms, 
the high intensity o f  the rainfall leading to run-off on the crusted and hardsetting soils and the 
high evaporation rates over summer. A negative effect o f  the summer rains is the germination 
o f  annual weeds which must be controlled before planting winter crops. 
Mean annual rainfall ranges from about 500 mm just inland from Geraldton and Dongara to 
less than 300 mm east o f  Mullewa (see Figure 2). Long-term records from official weather 
recording stations are shown in Table 3. 
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Table 3. Mean rainfall from official weather recording stations within survey area. 
Station J I F M 
18 
A 
22 
M 
50 
J 
79 
J 
63 
A 
43 
S 
19 
0 
12 
N 
6 
D — 
5 
Total 1 
340 ' Ajana PO 
1917-1988 
10 13 
Rain days 1122 10 11 96 4 22 60 
Balline 4 10 18 27 72 108 89 58 27 18 8 3 442 
1930-1987 
Rain days 1 J1 _J._.1L 160 
Mingenew PO 7 13 17 23 56 90 81 59 32 20 10 6 414 
1896-1987 
Rain days 1 2 2 4 8 12 12 10 7 5 2 1 66 
Morawa PO 14 17 23 23 62 55 39 21 15 11 8 332 
1911-1988 
Rain days 2 3 3 8 11 12 10 6 5  3 2 69 
Mullewa 13 16 20 20 46 68 61 43 21 14 8 7 337 
1896-1987 
Rain days 2 2 3 4 7 11 11 10 6 4 2 2 64 
Narra Tarra 5 11 16 29 1 75 121 105 76 39 23 9 3 512 
1899-1988 
Rain days 1 112 4 
811212------10663 
• 7 11 14 23 40 24 9 5 Northampton 69 116 104 76 498 
1882-1988 
Rain days 1 13 L13 jj..8 6 31 72 
Wind patterns 
Summer wind patterns are controlled by a band of high pressure known as the subtropical 
ridge. High pressure systems move in an easterly direction south of the continent and bring 
southerly winds which move through east to north as the high pressure system moves across 
the Great Australian Bight. A weak ridge of lower pressure can develop between successive 
highs and form a trough down the west coast, which often delays the onset of sea breezes and 
may prevent the sea breeze coming inshore. Temperatures are high and the weather is humid 
and unpleasant at this time. A feature of the coastal areas is the strong sea breeze which 
arrives from the south-south-west at the coast from 10 am to noon and can reach 25 to 28 
knots. The regular strong sea breezes attract people to windsurf including visitors from 
overseas. The sea breeze can move considerable distances inland with cooler breezes arriving 
at Eradu (50 km inland) between 2 and 4 pm and often reaching Mullewa (100 km inland) by 
early evening. 
Winter wind patterns are more variable and influenced by the movement on cold fronts moving 
in from the Indian Ocean. The dominant winds are from the east to north-west before the cold 
front. These prefrontal winds often cause wind erosion on cultivated paddocks. The risk of 
erosion is increased if  the front fails to bring rain although erosive winds can occur from any 
direction at any time of year. Winds behind the cold front are cool and moist from the west to 
south-west. 
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Figure 2. Rainfall isohyets within the survey area. 
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Temr^rnttire, frost and evaporation 
January is the hottest month except for the coastal areas where February is hotter due to the 
development of heat troughs. Average daily maximum temperatures range from the low 30s 
for Geraldton to the high 30s for Mullewa. July is the coldest month with mean daily minimum 
temperatures at Morawa of 6°C (Table 4). 
Table 4. Maximum and minimum temperatures throughout the year in °C. 
Station J F M A M J J A S 0 N D 
Geraldton 
1941-1987 
max °C 32 32 31 27 24 21 19 20 22 24 26 29 
min 18 19 18 15 13 11 9 9 9 11 14 16 
Mingenewl 
965-1975 
max 36 36 34 28 24 20 19 20 23 27 30 35 
min 19 19 18 14 11 9 7 7 8 10 13 17 
Morawa 
1925-1987 
max 37 36 33 28 23 19 20 19 23 26 31 34 
min 19 19 17 13 9 7 6 6 8 10 14 16 
Mullewa 
1925-1975 
max 36 36 34 28 23 20 18 20 23 27 31 34 
min 20 20 18 15 11 9 7 7 9 11 14 17 
Frosts are not common but can occur from June to September with Morawa averaging five 
frosts per year, Northampton, Nabawa and Mingenew three, Mullewa two, Geraldton and 
Kalbarri less than one. 
Mean daily evaporation figures (class A evaporation pan, no bird cage) from the Australian 
Rainman database are shown in Table 5. Evaporation increases in a north-easterly direction 
from approximately 2,400 mm at the coast in the south, to 2,800 mm per annum in the north 
and east of the survey area. 
Table 5. Mean daily evaporation rates (mm/day) in the Geraldton region. 
Station J F M A MJ J A S 0 N D 
Geraldton 
Ave. 5.1 8.6 8.4 6.8 4.7 3.3 2.3 2.2 2.6 3.6 4.9 6.4 7.6 
Morawa 
Ave. 7.2 14.1 12.5 9.6 5.9 3.9 2.4 2.4 3.2 4.8 7.3 10.3 13.1 
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VJ'L 
A brief description o f  the regional geology and geomorphology only is provided in this report 
as a series o f  geology maps and explanatory notes is available from the Department o f  Mines. 
Soil-landscape system descriptions include a summary o f  the geology for the area. Other 
useful texts are: 
Playford et al. (1976). The Geology o f  the Perth Basin 
Hocking et al. (1987). The Geology o f  the Carnarvon Basin. 
M, :ar eU i;a1 structurn 
The study area covers parts o f  three major structural units: the Perth Basin in the west, the 
Carnarvon Basin in the north and the Yilgarn Craton in the east, and is shown in Figure 3. The 
Darling Fault now separates the Yilgarn Craton from the Perth Basin and the southern portion 
o f  the Carnarvon Basin. 
The Perth Basin is a deep trough nearly 1,000 km long containing mainly sedimentary rocks. 
The survey area occupies the northern-most extent o f  the Perth Basin where four sub-units are 
recognised (Figure 3): 
The Coolcalalaya Sub-basin lies in the northern most extent o f  the Perth Basin. It consists 
mainly o f  Silurian (395 to 430 million years old) Tumblagooda Sandstone. The sediments 
may be more than 5,000 m thick. 
The Abrolhos Sub-basin is situated mainly offshore, west o f  the Northampton Block, the 
Dandaragan Trough and the Beagle Ridge. It is thought to contain more than 6,000 m of 
Palaeozoic (225 to 570 million), Mesozoic (65 to 225 million) and Tertiary (1.5 to 65 
million year old) sediments. 
• The Dandaragan Trough contains rocks o f  Permian (225 to 280 million years), Triassic 
(190 to 225 million), Jurassic (136 to 190 million) and Cretaceous (64 to 136 million years) 
age. Silurian Tumblagooda Sandstone is present in the north with a total thickness in 
excess o f  15,000 m. 
The Northampton Block is an area o f  Proterozoic (570 to 2,500 million years) crystalline 
basement rocks. The main rocks are granulite, granite and migmatite. The granulites have 
a metasedimentary origin possibly originally deposited as geosynclinal greywackes and 
other sediments that were metamorphosed to granulite, later being intruded by  granite with 
migmatites forming along the boundaries. The granulite has been dated by Compston and 
Arriens (1968) as 1040 ± 50 million years. The Northampton Block features many nor- 
north-east striking dolerite dykes which dip very steeply. 
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Figure 3. Geological structures underlying the survey area. 
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The Carnarvon Basin is a Cambrian to Quaternary (up to 570 million years old) sedimentary 
basin stretching about 1,000 km along the west and north-west coasts o f  Western Australia. 
Structural subdivisions in the study area are the Gascoyne Sub-basin and Ajana Ridge. The 
Gascoyne Sub-basin contains Silurian and Devonian (345 to 395 million year old) sediments 
with minor Carboniferous (280 to 345 million years) and Permian remnants. The Ajana Ridge 
separates the Gascoyne Sub-basin from the Coolcalalaya Sub-basin to the east. 
The Yilgarn Craton is a mass o f  Archaean granites and gneisses, metasediments and basic 
rocks intruded by dolerite dykes and quartz veins. The granitic rocks date from 2,800 to 3,000 
million years in the west near the fault, to 2,500 to 2,800 million years in the east. 
Hy :ogc- logy 
The main aquifers are described below. Groundwater data and information on economic 
geology is available through the Geological Survey o f  Western Australia. 
Perth Bain 
Tamala Limestone 
A formation o f  limestone and sand extends along the coast with silty clay on limestone on the 
Greenough Flats. Bores and wells are shallow with watertables sloping to the coast and within 
10 m o f  sea level. Salinity exceeds 1,500 mg/L in most areas and pump rates are kept low to 
prevent saline water being drawn from below. 
Yarragadee Formation 
This consist o f  sand and minor shale and occurs in the south-east o f  the study area extending 
below the Tamala Limestone near the coast. In the Allanooka area the formation contains a 
100 m thickness o f  fresh water but becomes brackish near the coast. Inland the watertable may 
be 90 m below the surface sloping west to the coast to give artesian flow outside the survey 
area at the Arrowsmith River. The formation supplies water to the towns o f  Geraldton and 
Dongara, and in the Dandaragan Trough supplies Morawa and the towns o f  Perenjori, 
Carnamah and Three Springs. 
Northampton Block 
The Northampton Block consists o f  granulite, granite and gneiss with numerous intrusions of 
dolerite dykes. Groundwater supplies and salinity vary with generally shallow bores providing 
low yields. The town o f  Northampton's water supply comes from fractured gneiss. 
Camarvon Ejin 
Tumblagooda Sandstone 
The formation extends north from Horrocks Beach on the west side o f  the Northampton Block 
and north from Wicherina on the east. Salinity is less than 500 mg/L near Kalbarri but 
elsewhere exceeds 1000 mg/L. Flow rates are quite good with the town o f  Kalbarri drawing 
from this formation. 
16 
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Cretaceous Sandstone 
This overlies the Tumblagooda Sandstone south-east of Kalbarri. Groundwater is fresh, less 
than 1,000 mg/L, but no data is available on bore yields. 
Yllgam Craton 
Bores and wells are located on shallow sandy aquifers reasonably high in the landscape or 
adjacent to rock exposures. Valley floors are generally saline while bores in red-brown 
hardpan and calcrete produce reasonable quantities of  water suitable for stock. 
Other minor aquifers are the Nangetty Formation which has variable supplies in sandy lenses 
and Windalia Radiolarite which has good quality water but low yields because of poor 
permeability. 
Physiography 
Eleven physiographic regions have been recognised in the study area. They are shown in 
Figure 4 and described in Table 6. They were first described by Playford etal. (1976) for the 
Perth Basin and Hocking et al. (1987) for the Carnarvon Basin. Only those sections of the 
regions which occur in the study area are described. 
The Northampton Block is an area o f  Proterozoic rocks, mainly granulite, granite and 
migmatite, up to 2,500 million years old. 
17 
GERALDTON REGION LAND RESOURCES SURVEY 
Kalbarri 
CARNAR VON 
Pillawarra 2 
Plateau 
Chapman 
Region 
GERALDTON 
Victoria 2 
Plateau 
REENOUGH 
Chapman 
Region 
Dongara 
SWAN 
1 
Ba'line is extension of Swan Coastal Plain 
2 [del, Pillawara, Murchison, Wittecara 
and the northern part of the Victoria Plateau 
belong to Carnarvon Basin/Province 
3 
Pindar is approx. Ag boundary 
Victoria 
Plateau 
Swan 
Coastal 
Plain 
Bassendea 
Plain 
Swan 
oastal 
Plain 
25 5.0 75 100 km 
MURCHISON 
Mullewa 
Norther 
rejuvenat drai ge\ 
(Pindar) 
3 
Darling 
Plateau 
Lockier 
Region 
Morawa 
Dandaragan 
Plateau Yarra 
Yarra 
Region 
Figure 4. Physiographic regions in the survey area. 
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Table 6. Physiographic regions in the survey area. 
Structural 
region 
Physiographic 
region 
Description 
Perth Basin AITOWSMith Undulating sandplain with laterite outcrop. Jurassic and Cretaceous rocks drained 
by Irwin River. Lateritic profile developed on landforni similar to present with 
laterite surfaces on valley slopes. Alluvial material from Irwin River forms narrow 
plain. 
Chapman Flat-topped mesas with laterite capping of Triassic and Jurassic rocks with 
undulating landscape of  pre-Cambrian granulite and granite. Sedimentary material 
has been removed by rivers to expose rocks of  the Northampton Block. Pleistocene 
Tamala Limestone occurs along the coast. 
Dandaragan 
Plateau 
Sandy plateau with laterite capping overlying Cretaceous sediments. Flat to gently 
undulating plateau 300 m above sea level. 
Lockier Valley drained by Irwin, Lockier and Arrowsmith Rivers. Underlain by 
Proterozoic, Permian and Jurassic sediments and pre Cambrian granitic rocks. Few 
flat-topped mesas occur as outliers of Victoria Plateau. Alluvial valley plains with 
gently undulating country to the north where Permian glacial tillite occurs. 
Swan Coastal 
Plain 
Coastal area with alluvial plains form Greenough, Irwin and Chapman Rivers. 
Low hills of Pleistocene Tamala Limestone with recent (Holocene) deposits of 
calcareous sands in foreshore areas. Distinct alluvial plains form behind recent and 
Pleistocene dunes (Tamala Limestone). 
Victoria 
Plateau 
Gently undulating sandplain with sand dunes to the north which overlies laterite. 
The laterite is exposed at dissected margins of  sandplain. Uplift of  the plateau in 
mid to late Tertiary Period rejuvenated the Greenough River, possibly before 
laterisation. The plateau averages 250 m above sea level. 
Yarra Yarra Region of internal drainage forming a series of  salt lakes. Occurs on edge of  Perth 
Basin in valley floors of  broad valleys with gentle fall to the south. 
Carnarvon 
Basin 
Balline Coastal dune systems of  calcareous sand, mobile in places. Pleistocene dunes 
lithified with undulating sandplains on limestone, exposed in places. 
Chapman As described in Perth Basin with few sandy plains, no mesas. 
Victoria 
Plateau 
As described in Perth Basin and cut by Murchison River. 
Wittecarra Moderately dissected area with a discontinuously preserved lateritic duricrust. 
Few palaeodrainages blocked by Balline Region. Sandplain of coarse grey sands 
and pale yellow sands with low rises of Cretaceous Windalia Radiolarite (chert). 
Yllgarn 
Craton# 
Broad mature valleys with granite outcrop on ridges, long gentle slopes and valley 
floors with saline lakes. Koolanooka Hills to the east form part of  Koolanooka 
synform which is an association of volcanic and sedimentary rocks. 
Valleys near Darling Fault have been rejuvenated on the Irwin Catchment showing 
moderately dissected terrain with broad mature valleys to the east. 
previously known as Yilgarn Block. 
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etaL n 
The Geraldton Region lies almost entirely within the Irwin Botanical District o f  the South- 
western Botanical Province as recently defined by Beard. The remainder is within the 
Eremaean Botanical Province (see Figure 5). 
Beard (1976a,b,c,d,e) mapped the area, mostly at 1:250,000 scale. He used structural 
formations and dominant plant species to describe the vegetation. His map units were based 
on soil catena relationships and the vegetation description was assigned to these. Some closely 
follow respective surface geology units prepared by the Geological Survey o f  Western 
Australia. The map units were combined into vegetation systems. These are described briefly 
below and include notes on the vegetation and soils observed. 
Vegetation sy, .[Is of the S c t h - w j L r n  EkLicaI 
Province 
kana 
Main community is a scrub o f  Acacia acuminata with A. tetragonophylla, Dodonaea sp. and 
Hakea preissii. Scattered Eucalyptus loxophleba and Allocasuarina huegeliana grow on 
rocky soils. 
Billerai, 
Small area o f  low hills with Allocasuarina-Melaleuca thickets o f  Allocasuarina campestris, 
Baeckea sp., Grevillea stenostachya with Melaleuca nematophylla, M radula and 
M. steedmannii. A scrub dominated by Dodonaea inaequifolia and Eremophila clarkei occurs 
in the south-east corner. 
Cliff Head 
Coastal area to the south o f  Dongara. Sand dunes with a heath o f  Acacia lasiocarpa and 
Melaleuca acerosa with Scaevola sp. A mallee form o f  Eucalyptus obtusiflora occurs locally. 
Eridoon 
Occurs in the south-west o f  the study area on coastal sandplain. The community consists of 
coastal sandplain association o f  scattered small trees to 5 m with an open layer o f  tall shrubs 
1 to 3 m high, and a closed layer o f  small shrubs <1 m. 
Greencugh 
A general catenary sequence occurs from the coast with Acacia rostellifera and Melaleuca 
cardiophylla thickets on rocky ridges, acacia-banksia scrub on sand-covered limestone and 
Acacia rostellifera low forest on the alluvial flats. Acacia ligulata open scrub is typical o f  the 
recent dunes. Melaleuca huegelii joins M. cardiophylla south o f  Geraldton while the Acacia 
rostellifera low forest may include occasional Eucalyptus camaldulensis. E. camaldulensis 
and Casuarina obesa are found along the creeldines. 
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Mt 
Sandplain remnants have a rich scrub heath coastal association of Acacia rostellifera, 
Actinostrobus arenarius, Adenanthos cygnorum, Banksia spp., Grevillea spp., Nuytsia 
floribunda and Xylomelum angustifolium. Hills and mesas support a melaleuca-hakea thicket 
of Melaleuca megacephala and Hakea pycnoneura dominant with some Allocasuarina 
campestris and M. uncinata. Valley slopes on sandstone form a thicket and scrub heath with 
the Hutt River lined with Eucalyptus camaldulensis, Casuarina obesa and Melaleuca 
rhaphiophylla. 
Illyarrie 
Undulating hilly country of coastal limestone with yellow sands. Eucalyptus erythrocorys 
forms small groves and there is an open scrub understorey of Acacia spp. The groves occur in 
thickets of Acacia spp., Melaleuca spp. and mallee with few Banksia prionotes. 
Jibberding 
Similar to the Perenjori System but Acacia species are dominant on the sandplain thickets in 
place of casuarinas. 
1470c 
Occurs on Victoria Plateau as undulating sandplain with isolated stony rises. The scrub 
heath on the sandplain is rich in component species with a few listed below: Acacia 
rostellifera near the coast, Adenanthos cygnorum, Banksia attenuata and B. menziesii on 
white sands with Actinostrobus arenarius, B. prionotes, B. sceptrum and Xylomelum 
angustifolium on the yellow sands. Thickets on laterite are mainly Allocasuarina campestris 
with Acacia ligulata, while on stony chert rises a thicket of Acacia ligulata, Melaleuca 
eleutherostachya and M uncinata exists. Areas of red sandy barns have Acacia- 
Allocasuarina scrub with small patches of Eucalyptus loxophleba woodland. 
Koolanooka 
Steep hills of Archaean metamorphic rocks with open woodland of Allocasuarina 
huegeliana, mallee Eucalyptus ebbanoensis, Acacia acuminata and Dodonaea inaequifloria 
with thickets of Allocasuarina and Melaleuca spp. Footslopes support Eucalyptus 
loxophleba woodland. 
Mingenew 
Dissected and gently undulating country in the headwaters of the Irwin River. The river is 
lined with Eucalyptus camaldulensis and Allocasuarina huegeliana with a floodplain of 
Eucalyptus loxophleba woodland with scattered E. camaldulensis and Allocasuarina spp. 
Moonagain 
A small system north-east of Morawa with Acacia ramulosa-A. acuminata scrub and 
Melaleuca uncinata, A. tetragonophylla, A. quadrimarginea, Cassia nemophila, Dodonaea 
inaequifolia and Ptilotus obovatus. On the lower slopes A. quadrimarginea declines and 
Eucalyptus loxophleba and E. oleosa increase. 
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Til9WO 
Broken country draining to Greenough River with Acacia acuminata scrub and scattered 
Eucalyptus loxophleba and Allocasuarina huegeliana. 
Nanekine 
Dissected landscape with few sandplain remnants on the Yilgam Craton. Borya 
sphaerocephala and Verticordia penicillaris on rock areas and a Melaleuca heath with 
Allocasuarina campestris on shallow soils on granite. Acacia neurophylla thicket on sand 
over ironstone gravel and an Allocasuarina-Acacia thicket on laterite. The lower slopes 
were dominated by Acacia acuminata scrub with scattered trees o f  Eucalyptus loxophleba. 
Nort ir  Von 
Flat-topped mesas and undulating country o f  granites and granulite. Scrub heath on the laterite 
o f  Gastrolobium oxylobioides, Allocasuarina campestris, Dryandra ashbyi, Isopogon 
divergens and others. Communities on the sandy areas o f  the mesas include scrub heath of 
Banksia, Acacia, Dryandra and Allocasuarina spp. The sideslopes o f  the mesas have a thicket 
o f  Melaleuca megacephala and Hakea pycnoneura on the stony areas with Allocasuarina 
campestris and Melaleuca uncinata on areas o f  laterite. The undulating red loamy soils 
support a scrub o f  acacias and hakeas with scattered trees o f  Eucalyptus loxophleba and 
E. camaldulensis. Allocasuarina campestris thickets occur on gravelly soils. 
Perenjori 
Gently undulating landscape o f  granites and gneiss. A thicket o f  Allocasuarina campestris and 
A. acutivalvis with eucalypt mallees on yellow sandy soils with E. loxophleba woodland on the 
lower red loams. Saline flat areas support Melaleuca spp. with samphire and saltbush. 
Pindar 
Undulating landscape o f  residual yellow sandplain and shallow soils on granite on the Darling 
Fault plateau. An Acacia-Allocasuarina-Melaleuca thicket grows on the sandplain with 
patches o f  Eucalyptus loxophleba. A. ramulosa scrub grows on granite. E. loxophleba and E. 
obesa grow on lower slope red barns with open salt flats o f  samphire. 
Tathra 
Gently undulating sandplain with a scrub heath o f  Acacia, Banksia, Allocasuarina, 
Grevillea, Melaleuca and Verticordia spp. Scattered Nuytsia floribunda trees with isolated 
areas o f  Eucalyptus camaldulensis. 
Yiru 
Gently undulating sandplain o f  the Victoria Plateau. A mixed scrub heath occurs on the yellow 
sandplain and an Acacia-Allocasuarina thicket on the red sands. The red loams in the 
depressions (paleodrainage lines) support an Acacia-Allocasuarina scrub with mallee 
Eucalyptus obtusiflora, E. obesa and E. transcontinentalis, and scattered E. loxophleba. 
A woodland existed near Yuna in the heavier red loams o f  E. loxophleba with areas of 
E. salmonophloia and E. transcontinentalis. In the Greenough River valley Acacia acuminata 
scrub grew with scattered E. loxophleba. Salt flats contain samphires with some saltbush 
(Atriplex vesicaria) and tea-tree (Melaleuca thyoides). 
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Vegetation Sy s inn (If the Ermaean Botanicni Province 
Karara 
This is a small section on the eastern edge of the study area. A catena occurs of heath on 
granite outcrops, Acacia scrub on shallow soil over granite on upper slopes with Acacia- 
Melaleuca thickets on middle slopes, and A. ramulosa scrub with scattered eucalypts and 
cypress pines in the valleys. 
Pinegroye 
On the eastern edge of the study area. The system has sandy and loamy granite soils 
supporting a mixed scrub of Acacia grasbyi, A. ramulosa and other wattles, with 1-ktkea 
preissii and A. quadrimarginea in stony places. Sandplains with Acacia ramulosa, 
A. murrayana and scattered Callitris columellaris. 
Talisker 
The study area includes only a small area of this system, the principal component being Acacia 
ramulosa scrub. A. acuminata can be found on stony ground. Occasional Eucalyptus spp. 
with Bursaria spinosa. 
Nature reJerves 
Few conservation reserves occur within the survey region as most of the land has been 
alienated for agriculture. Notable reserves are listed in Table 7. The Kalbani National Park is 
close to the study area and represents 186,096 ha of the Kalbarri System. 
Table 7. Notable nature reserves within the survey area. 
Name Area  (ha) Vegetation system 
Burma Road reserve 6,890 Tathra 
East Yuna flora and fauna reserves 2,304 Yuna 
Forty-four Mile reserve 549 Yuna 
Wicherina water reserve 1,590 Northampton 
Chilmony Road reserve 146 Northampton 
Mingenew Hill reserve 350 Mingenew 
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Figure 5. Botanical provinces and vegetation systems in the survey area. 
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Pve,vious surveyL, 
The Atlas o f  Australian Soils (scale 1:2,000,000) is the only prior survey covering the entire 
area. Other surveys cover small areas or have been published for private circulation only. 
There are also detailed soil surveys of the Chapman Research Station, East Chapman Research 
Station and Morawa Agricultural College. 
The Geraldton Rural Residential land capability study (Dye, Van Vreeswyk and Moore 1990) 
at scale 1:50,000, covers the area surrounding the Geraldton township. The current survey 
includes this information. 
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15. _ c 
4.41J 
Work began in September 1988 when soil-landscape systems were identified and mapped using 
stereoscopic interpretation o f  1:50,000 scale black and white aerial photography. A system is 
an area, or group o f  areas, throughout which there is a recurring pattern o f  topography, soil 
and vegetation (Christian and Stewart 1953). Some systems were divided into subsystems. A 
total o f  51 systems has been identified covering 121 component subsystems. 
The system and subsystem units were transferred from the aerial photographs to photographic 
prints o f  Landsat thematic mapper images. The Landsat images were rectified to produce a 
distortion free mapping base at a scale o f  1:100,000. In some areas the lines for the map were 
modified based on soil patterns evident on the coloured Landsat images. 
Field work continued each year between April to November from 1989 until October 1991. 
This involved traverses through all mapping units and description o f  soil profiles at 
representative positions in the landscape using the free survey technique (Gunn et al. 1988). 
Soils were described at 1,418 sites and their positions are indicated on the main map sheets. 
Soil profiles were exposed with a shovel to the top o f  the B horizon where possible, and hand 
augured to a depth o f  1 to 2 m. Road cuttings were described i f  relatively undisturbed, and 
clay soils were sampled with a portable electric coring system. Descriptions used terminology 
from the Australian Soil and Land Survey Field Handbook (McDonald et al. 1984). Site 
profile and site data are held on field recording sheets and in a digital database. 
Forty-eight soil series have been described. Each soil series was classified according to Isbell 
(1996), Stace (1968) and Northcote (1984). Nineteen soils were sampled for chemical and 
physical analysis and these are detailed in Appendix 4. 
A set o f  five land qualities and six degradation risks has been assessed for each soil series to 
assist in interpretation o f  the basic information. These land qualities are defined in Appendix 5. 
Soil-landscape mapping in Western Australia uses a hierarchy o f  map units in order to maintain 
a consistent approach with different mapping scales and varying levels o f  complexity in both 
landscape and soil patterns (Purdie 1993b). Moving down the hierarchy the units cover 
increasingly smaller areas and the internal complexity decreases (Figure 6). Each map unit has 
a unique symbol indicating how it fits into the mapping hierarchy, e.g. 226Nt2 indicates that 
the map unit is in the Western Region o f  Australia (2), the Greenough Province (22), the 
Lockier Zone (226), the Nangetty System (226Nt) and is actually one o f  several subsystems 
(226Nt2) within the Nangetty System. 
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Regions 
Broad subdivisions of the Australian continent 
e.g. The Western Region (2) 
Provinces 
Suitable for maps at scales of about 
1:5,000,000 providing a broad overview of the 
whole State 
e.g. Greenough Province (22) 
Zones 
Areas defined on geomorphological or 
geological criteria, suitable for regional 
perspectives 
e.g. Lockier Zone (226) 
Geraldton region survey area 
(Survey areas usually occur within zones or 
may cover parts of several zones) 
Systems 
Areas with recurring patterns of landforms, 
soils and vegetation suitable for regional 
mapping 
e.g. Nangetty System (226Nt) 
Subsystem 
Adds an identified set of soils to the unit 
definition 
e.g. Nangetty-2 (226Nt2) 
Figure 6. Example o f  hierarchy o f  mapping 
units. 
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27 
GERALDTON REGION LAND RESOURCES SURVEY 
Mapping units 
The Geraldton region has been divided into 51 soil-landscape systems which range in size from 
Binnu System which occupies 311,300 ha or 15% of the survey area, to Wittecarra System of 
only 1,600 ha and 0.01% of the total survey. These soil-landscape systems are described in 
alphabetical order of symbols in the following section. Table 8 lists the systems, their map 
symbols and areas in both alphabetical order and by descending order of magnitude. 
Origins of many system names are local place names (taken from 1:100,000 topographical 
maps). Some are Aboriginal names which are listed with meanings in Appendix 2. Others 
such as Grima and Kelly come from the names of  local families. Some system names follow 
geological references that have been used by other authors for the same purpose, e.g. Tamala, 
Quindalup. 
For each system, the area and a general description of the landscape is followed by indication 
of expected rainfall and parent material. Current land use is also indicated. 
Many systems have been divided into subsystems, and for each unit there is a table indicating 
the approximate proportions of the constituent soil series and the landscape position in which 
the soils are found. This is followed by a cross-sectional diagram which includes the relative 
heights of  the landforms, except in Greenough Alluvium System which is in metres above sea 
level. 
Rudds Gully Creek is one o f  many small creeks in the region which may only flow during 
winter months. 
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Table 8. Soil-landscape systems, map symbols and areas in both alphabetical order and 
by descending magnitude. 
System Map Area % of System % of 
symbol survey survey 
Ajana Aj 28,10 1.4 Binnu 15.1 
Allanooka Al 5,300 0.3 Eradu 7.5 
Badgegong 13d 8,200 0.4 Dartmoor 7.4 
Balline Ba 38,400 1.9 Pindar 6.3 
Bindoo Bn 4,200 0.2 Mount Homer 5.6 
Binnu Bi 311,300 15.1 Noolagabbi 4.8 
Bowgarder Bo 3,200 0.2 Peterwangy 4.7 
Casuarina Ca 94,500 4.6 Tamala 4.7 
Christmas Hill Ch 4,200 0.2 Casuarina 4.6 
Coalseam Cs 2,900 0.1 Northampton 4.3 
Cookes Co 11,700 0.6 Sugarloaf 2.8 
Dalgooka Dg 6,100 0.3 Saline Drainage 2.7 
Dartmoor Da 151,800 7.4 Balline 1.9 
Durawarra Du 9,200 0,4 Mullewa 1.6 
Eradu Er 155,500 7.5 Nangerwalla 1.5 
Fegan Fe 20,300 1.0 Munja 1.4 
Greenough Ge 18,200 0.9 Indar 1.4 
Greenough Alluvium Ga 19,600 0.9 Moresby 1.4 
Indar In 29,800 1.4 Aj ana 1.4 
Irwin Ir 11,900 0.6 Quindalup 1.3 
Koolanooka Ko 12,900 0.6 Nangetty 1.2 
Morawa Mw 23,600 1.1 Morawa 1.1 
Moresby Mo 29,300 1.4 Ogilvie 1.0 
Mount Adams Ma 12,400 0.6 Fegan 1.0 
Mount Budd Mb 13,900 0.7 Greenough Alluvium 0.9 
Mount Homer Mh 116,600 5.6 Urina 0.9 
Mount Nunn Mn 9,300 0.4 Yandanooka 0.9 
Mount Scratch Ms 8,400 0.4 Greenough 0.9 
Mullewa Mu 33,500 1.6 Yallabathatra 0.7 
Mullingarra Mg 4,200 0.2 Mount Budd 0.7 
Munja Mj 30,000 1.4 Warreno 0.7 
Murchison Mr 8,200 0.4 Koolanooka 0.6 
Nangerwalla Na 31,500 1.5 Thindindawah 0.6 
Nangetty Nt 25,600 1.2 Mount Adams 0.6 
Noolagabbi Ng 98,300 4.8 Irwin 0.6 
Northampton No 89,500 4.3 Cookes 0.6 
Ogilvie Og 20,800 1.0 Mount Nunn 0.4 
Peterwangy Pe 98,300 4.7 Durawarra 0.4 
Pindar Pi 130,100 6.3 Mount Scratch 0.4 
Quindalup Qu 26,400 1.3 Badgegong 0.4 
Saline Drainage Sd 55,400 2.7 Murchison 0.4 
Sugarloaf Su 58,600 2.8 Wollya 0.4 
Swamp Sw 5,500 0.3 Dalgooka 0.3 
Tamala Ta 96,800 4.7 Swamp 0.3 
Thindindawah Th 12,500 0.6 Allanooka 0.3 
Urina Ur 19,700 0.9 Bindoo 0.2 
Warreno Wa 13,600 0.7 Christmas Hill 0.2 
Wittecarra Wi 1,600 0.1 Mullingarra 0.2 
Wollya Wo 7,400 0.4 Bowgarder 0.2 
Yallabatharra Ya 14,600 0.7 Coalseam 0.1 
Yandanooka Yn 19,100 0.9 Wittecarra 0.1 
29 
GERALDTON REGION LAND RESOURCES SURVEY 
Ajd la  System 
28,100 ha 1.4% o f  the survey area 
Gently undulating rises with many rocky ridges. 
Integrated drainage pattern with upper reaches of 
drainage lines often widening to small salt scalds. 
Rainfall: 400 to 350 m m  decreasing to the east. 
Parent material: Northern extent o f  Northampton Block 
with garnet granulite and minor areas o f  quartzite and 
quartz-feldspar gneiss. Proterozoic Age granulite was 
intruded by many north to north-east tending dolerite 
dykes during Cambrian times. It was covered with a thin 
sequence o f  Jurassic marine sediments, largely removed 
during the Pliocene—Pleistocene Age. 
Land use: Significant area left uncleared due to shallow 
rocky soils. Cropped to cereals and grazing o f  annual 
pastures. 
Map 
symbol 
Soil series Description Percentage Landscape position Diagram 
symbol 
Aj Northampton-1 Shallow variant o f  Northampton 
with more stone and rock. 
50 Crests and rises A 
Northampton Hardsetting, red-brown sandy loam 
over sandy clay loam on granulite. 
40 Undulating areas B 
Ajana Firm, yellowish brown gritty 
gradational clayey sand. 
8 Gently undulating areas C 
Bowes Firm to hardsetting, reddish brown 
sandy loam grading to clay at 
depth. 
2 Lower slopes D 
(relative height) 
A 
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Allanlottcr, fystem 
5,300 ha 0.3% of the survey area 
Level to very gently inclined drainage depressions at low 
positions in the landscape. 
Rainfall: 500 mm. 
Parent material: Alluvial and colluvial deposits of 
Pleistocene age. Limestone units (Tamala System) have 
restricted drainage outfall to the sea. 
Land use: Extensively cleared for agriculture: annual 
pastures and perennial fodder crops, cereals. 
Al 
25 0 25 50 75 100km 
Distribution of Allanooka System 
Map 
symbol 
Soil series Description Percentage Landscape position Diagram 
symbol 
Al Heaton Loose to firm, dark brown to 
greyish brown sand over reddish 
yellow sandy clay. 
85 Drainage depressions A 
Balline Loose, grey coarse sand over pale 
brown to white coarse sand. 
15 Lower slopes B 
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Ba:ii.a System 
38,400 ha 1.9% of the survey area 
Level to gently undulating sandplain. 
Rainfal l:  425 to 350 mm, decreasing to the north. 
P a r e n t  material:  Quaternary aeolian siliceous sand of 
varying thickness lies on a laterite profile which 
developed during the Miocene to early Pliocene on 
Permian sediments. 
L a n d  use: Restricted clearing due to poor sandy leached 
soils. Moderate areas used for grazing of annual pastures 
with occasional cropping. 
N 
25 0 25 50 75 100km 
Distribution of Balline System 
Map 
symbol 
Soil series Description Percentage Landscape position Diagram 
symbol 
Ba Balline Loose, grey coarse sand over 
pale brown to white coarse sand. 
65 Gently undulating 
sandplain 
A 
Eurangoa Loose to soft, grey to greyish 
brown sand over yellow clayey 
sand. 
25 Gently undulating 
sandplain 
B 
Bluewell Firm to hardsefting, greyish 
brown gravelly sand over 
laterite. 
10 Low rises C 
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Badgegong System 
8,200 ha 0.4% of the survey area 
Low hills and sandy rises with long gentle slopes. 
Rainfall: 325 mm. 
Parent material: Eluvial/colluvial and aeolian Quaternary 
deposits of  red sands on the eastern margin of the Victoria 
Plateau. 
Land use: Extensively cleared for agriculture. Grazing of annual 
pastures, cropping of cereals and lupins. 
Map 
symbol 
Soil series Description Percentage Landscape position Diagram 
symbol 
Bd Bootenal Firm, reddish brown loamy sand 
grading to sandy clay loam. 
55 All positions A 
Bootenal-1 Sandy phase of  Bootenal, subsoil 
textures to sandy loam. 
45 Crests and upper 
slopes 
B 
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Binnu System 
311,300 ha 15.1% of the survey area 
Gently undulating sandplain with numerous dune ridges. 
R a i n f a l l :  400 to 300 mm, decreasing to the north and 
east. 
P a r e n t  m a t e r i a l :  Eluvial and colluvial sands of variable 
thickness (to 15 m) redistributed over laterite gavel 
which becomes cemented (indurated) with depth. Below 
the indurated layer is mottled clay then a pallid clay zone. 
System is part of Victoria Plateau which underwent 
various periods of laterisation from mid-Tertiary to 
Pleistocene times on Permian and Mesozoic sediments in 
a dissected landscape similar to that of today. Dune 
systems are thought to have formed in a dry period 16,000 
to 25,000 years ago. 
L a n d  use:  Cleared for agriculture, but native vegetation 
survives along roadsides and to the north-east of 
agricultural areas and in a reserve south of Indarra. 
Cropping to cereals and lupins, grazing of annual pasture. 
Distribution of Binnu System 
El 
Map 
symbol 
Soil series Description Percentage Landscape position Diagram 
symbol 
Bil 
210,000 
Eurangoa Loose to soft, grey to greyish brown 
sand over yellow clayey sand. 
45 Gently undulating 
sandplain 
A 
Indarra Loose, yellowish brown sand 
grading to brownish yellow sand. 
30 Dune ridges B 
Eradu Loose t o  soft, yellowish brown 
loamy sand over brownish yellow 
clayey sand. 
15 Gently undulating 
sandplain 
C 
Eradu-1 Gravelly variant, ferruginous gravel 
in B horizon. 
10 Low crests D 
Bi2 Eurangoa As above. 60 All positions A 
35,100 Indarra As above. 20 Low crests and ridges B 
Eradu As above. 15 All positions C 
Heaton Loose to firm, dark brown to 
greyish brown sands over reddish 
yellow sandy clay. 
5 Lower slopes around 
depressions 
E 
Bi3 
27,300 
Allanooka Loose to soft, grey over pale brown 
over yellow sand. 
55 All positions F 
Eurangoa As above. 45 All positions A 
Bi4 Indarra As above. 55 Dune ridges B 
38,800 Eurangoa As above. 25 Gently undulating 
sandplain 
A 
Allanooka As above. 15 Gently undulating 
sandplain 
F 
Heaton As above. 3 Closed depressions E 
(soaks) 
Eradu-1 As above. 2 Low crests and ridges D 
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Binnu System 
(relative height) 
(m) 
80 — B E C F 
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Bindoo System 
4,200 ha 0.2% o f  the survey area 
Rough breakaway country in dissected sandplain 
draining to Greenough River. 
Rainfall: 350 mm. 
Pa ren t  material: Permian deposits o f  tillitic sandstone, 
tillite, shale and conglomerate (Nangetty Formation) 
with Silurian deposits o f  red and yellow feldspathic 
sandstone (Tumblagooda Sandstone). 
L a n d  use: Uncleared for agriculture due to rough terrain. 
Some grazing by stock. 
tio 
25 0 25 50 75 100km 
Distribution of Bindoo System 
Map 
symbol 
Soil series Description Percentage Landscape position Diagram 
symbol 
Bn unnamed-4 Stony sandy loam. 65 Crests and ridges 
rock outcrop Rock outcrops/rocky sand. 20 All positions A 
Indarra Loose, yellowish brown sand 
grading to brownish yellow sand. 
15 Crests and ridges B 
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Bowgarder System 
3,200 ha 0.2% of the survey area 
Undulating rises and gently inclined slopes. 
Rainfall: 325 mm. 
Parent material: Archaean basalt with minor areas of 
ultramafic volcanic rocks. Forms part of the Koolanooka 
synform (upper volcanic association). 
Land use: Significant areas cleared for grazing of 
pastures and cropping to cereals. Native vegetation 
remnants on rocky ridges. 
50 75 10015-TI 
Bo 
25 0 25 
lax 
Distribution of Bowgarder System 
Map 
symbol 
Soil series Description Percentage Landscape position Diagram 
symbol 
Bo Morawa-1 Hardsetting, red sandy loam 
grading to clay loam over a red- 
brown hardpan. Much manganese 
gravel throughout profile. 
35 Low ridges and slopes A 
Butterabby-1 Hardsetting, reddish brown sandy 
loam over alkaline clay. Free lime 
may extend to 160 cm. 
35 Slopes and lower areas B 
Morawa-2 Hardsetting, red sandy clay loam 
over a red-brown hardpan. B2 
often alkaline, pH 8.0-9.0. 
20 Lower slopes C 
rock outcrop Basalt. 10 Hillcrests D 
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Ca: tar.1a System 
94,500 ha 4.6% o f  the survey area 
Level to gently undulating sandplain. 
Rainfall: 500 to 400 mm, decreasing to the east. 
Pa ren t  material:  Part o f  the Victoria Plateau, an 
extensive erosional surface o f  Permian and Mesozoic 
sediments which was laterised during the mid-Tertiary 
Period. The land is covered by eluvial and colluvial 
sands which overlie a lateritic duricrust and gravels. The 
duricrust and cemented gravel is underlain by  a mottled 
and then pallid clay layer. 
L a n d  use: Land is extensively cleared, few native 
vegetation remnants remain outside Burma Road reserve. 
Cereal and lupin cropping; grazing o f  annual pastures. 
25 0 25 50 75 100km 
Distribution of Casuarina System 
Map 
symbol 
Soil series Description Percentage Landscape position Diagram 
symbol 
Ca Casuarina L o o s e  t o  so f t ,  g r e y  t o  p a l e  brown 
sand over sandy gravel. 
80 A l l  positions A 
Eradu Loose to soft, yellowish brown 
loamy sand over brownish yellow 
clayey sand. 
10 All positions B 
Nabbeja Loose, grey sand over bleached 
sand over cemented laterite. 
5 Low ridges and western 
margins of  system 
C 
Rennie Soft to hardsetting, brown gravelly 
sandy loam over cemented laterite. 
5 Low ridges D 
(relative height) 
(m) 
6 0  — 
40 — 
20 
0 
A + B A + B 
0 500 1000 1500 2000 2500 (m) 
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Christmas Hill System 
4,200 ha 0.2% of the survey area 
Very gentle rises to low stony ridges set slightly above 
surrounding sandplain. 
Rainfall: 400 to 350 mm, decreasing to the north. 
Parent material: Windalia Radiolarite, a variably 
vitreous radiolarian siltstone to chert. The deposits may 
have been formed in a shallow marine shelf depositional 
environment in early Cretaceous times. 
Land use: Largely uncleared, some grazing of annual 
pastures. 
Distribution of Christmas Hill System 
Ch 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Ch 
4,200 
unnamed-1 
rock outcrop 
Stony sands. 
Chert rock fragments. 
85 
15 
Gentle rises 
Gentle rises 
A 
B 
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Cockes Sysm 
11,700 ha 0.5% of the survey area 
Undulating rises to low hills with gentle valley slopes 
and open depressions. 
Rainfall: 400 to 350 mm, decreasing to the north. 
P a r e n t  material:  Archaean ademellite rises and outcrop 
with weathered Cainozoic sediments (sand and barns on 
slopes, clays on lower slopes and valley flats). 
L a n d  use: Extensively cleared for grazing of annual 
pastures and cropping to cereals. Native vegetation 
remains on rocky hillcrests. 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Col 
11,200 
Wilroy Hardsetting, red clayey sand over 
light sandy clay loam with red- 
brown hardpan at moderate depth. 
35 Upper to mid-slopes A 
Mindage Hardsetting, reddish brown sandy 
loam over sandy clay loam with 
red-brown hardpan at moderate 
depth. 
30 Mid to lower slopes B 
Indar Hardsetting, reddish brown sandy 
loam grading to clay on granite. 
25 Low ridges and upper 
slopes 
C 
rock outcrop Rock outcrop. 10 Crests D 
Co2 
500 
Koolanooka Gilgai surface, dark reddish brown 
to grey light clay grading to 
alkaline, structured medium to 
heavy clay. 
100 Level to gently 
undulating terrain 
E 
(relative height) 
(m) 
8 
Col 
Go2 
500 1000 1500 2000 2500 3000 3500 4000(m) 
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Coalseam System 
2,900 ha 0.1% of the survey area 
Small narrow valley with steep to moderately inclined 
sides and level to gently undulating valley floor. 
Rainfall:  350 mm. 
P a r e n t  material:  Permian sediments (shale and 
siltstone) on valley sides with Quaternary alluvial and 
colluvial deposits on valley floor (sand, silt, clay). 
Exposure of Irwin coal measure at Coalseam reserve. 
L a n d  use: Sections uncleared, grazing of annual 
pastures. 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Cs 
2,900 
Mindage Hardsetting, reddish brown sandy 
loam over sandy clay loam with 
red-brown hardpan at moderate 
depth. 
55 Gentle hillslopes A 
unnamed-4 Stony sandy loams. 25 Hillslopes, sideslopes B 
Bowes Firm to hardsefting, reddish brown 
sandy loam grading to clay at 
depth. 
10 Alluvial terraces C 
river bed Irwin River. 10 River bed D 
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Dartmoor SyItem 
151,800 ha 7.4% of the survey area 
Level to gently undulating plain and weakly dissected 
long slopes, much as a relic drainage network. 
R a i n f a l l :  400 to 300 mm decreasing to the east and 
north. 
P a r e n t  m a t e r i a l :  Quaternary alluvial and colluvial 
material, weathered from Yilgarn Craton, deposited as a 
thin sequence over calcrete and red-brown hardpans. 
L a n d  use :  Grazing of annual pastures, cropping to 
cereals and small areas of lupins on sand. 
25 0 25 
jar 
Kalbard 
Geraldton 
• - 
.Northam 4 
t Mullewa 
If • 
50 75 
Dongara 
Distribution of Dartmoor System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Dal 
19,300 
Mindage- 1 As  Mindage, but  sandy clay loam 
over light to medium clay subsoil. 
50 Mid  to lower slopes A 
Bootenal Firm, reddish brown loamy sand 
grading to sandy clay loam. 
30 Crests B 
Mindage Hardsetting, reddish brown sandy 
loam over sandy clay loam with 
red-brown hardpan at moderate 
depth. 
20 Upper to lower slopes C 
Da2 Mindage As above. 75 All positions C 
101,700 Wilroy Hardsetting, red clayey sand over 
light sandy clay loam with red- 
brown hardpan at shallow to 
moderate depth. 
25 All positions D 
Da3 
6,200 
Butterabby 
Mindage 
Hardsetting, reddish brown sandy 
loam over alkaline clay, 
As above. 
85 
15 
Shallow depressions 
and level plains 
All positions 
E 
F 
Da4 Morawa-2 Hardsetting, red sandy clay loam 
over red-brown hardpan. B2 often 
alkaline. 
80 Lower slopes G 
7,000 Mindage As above, but  rocky. 15 Low ridges and crests H 
(rocky) 
Mindage As above. 5 Upper to lower slopes C 
table continued on next page 
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Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Da5 Mindage As above, but sandy. 45 All positions I 
(sandy) 
7,700 Bootenal-1 Firm, reddish brown loamy sand 
grading to sandy loam. 
35 All positions J 
Bootenal-1 
(gravelly) 
As Bootenal-1, but gravel common 
throughout. 
20 All positions K 
Da6 Heaton Loose to firm, dark brown to 
greyish brown sands over reddish 
yellow sandy clay. 
65 Lower slopes L 
10,000 Morawa-1 Hardsetting, red loam over clay 
with much manganese gravel 
throughout profile. 
20 Gentle slopes M 
Eurangoa Loose to soft, grey to greyish 
brown over yellow clayey sand. 
15 Gentle slopes N 
(rela lye height) 
(m) 
80- 
0 500 1000 1500 2000 
(relative height) 
(m) 
40- 
0 
500 1000 1500 2000 
N M 1 
500 1000 0 500 1000 1500 2000 (m) 
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DE1g;::ka Sy: ..9M 
6,100 ha 0.3% of the survey area 
Gently undulating terrain with numerous low rocky rises 
and low narrow limestone ridges intersecting gentle 
slopes and flat areas. 
Rainfall: 400 mm. 
Pa ren t  material: Small areas of laterite outcrop and 
sandy gravels (eluvial sands over weathered Tertiary 
laterite). Cainozoic valley calcrete common with areas of 
the Coomberdale Subgroup. Includes chert, dolomite, 
siltstone, sandstone, quartz arenite and pebble 
conglomerate. Coomberdale Subgroup deposits formed 
in a mature, shallow (0 to 30 m), low to moderate energy 
archipelago, marine shelf environment around the mid- 
Proterozoic Period. 
L a n d  use: Extensively cleared for annual pastures, 
cropping to cereals and lupins. Native vegetation on 
shallow rocky soils. 
25 0 25 50 75 100km 
Distribution of Dalgooka System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Dg Teakle Loose to soft, yellowish brown 
sand over yellow clayey sand over 
limestone. 
55 Gently undulating 
sandplain 
A 
6,100 Eradu-1 Loose to soft, yellowish brown 
loamy sand over gravelly clayey 
sand. 
25 Gently undulating 
sandplain 
B 
Rennie Soft to hardsetting, brown gravelly 
sandy loam over cemented laterite. 
15 Gentle rises C 
Bookara Loose, dark brown calcareous sand 
over limestone. 
5 Low narrow ridges D 
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Durawarra System 
9,200 ha 0.4% of the survey area 
Rolling to steep low hills. 
Rainfall: 500 to 450 mm, decreasing to the east. 
Parent material: Jurassic marine sediments of the 
Champion Bay and Chapman groups which include 
sandstones, shales and fossiliferous limestone. The 
sediments were covered by an undulating plain (Victoria 
Plateau) which was dissected by local river systems in 
Pliocene times to leave underlying sediments and present 
landforrns. 
Land use: Extensively cleared for grazing and 
permanent pastures with minor areas of sandy gravel hill 
tops cropped to cereals. Steeper sideslopes are partly 
cleared for grazing by sheep. 
50 75 
Di 
25 0 25 
5J1 
Distribution of Durawarra System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Du I 
7,900 
Mount Scratch-1 As Mount Scratch, but sandy 
loam over yellowish grey medium 
clay at 15-50 cm over weathered 
rock at 40-100 cm. 
45 Hillslopes A 
Mount Scratch Hardsetting to cracking, reddish 
brown sandy clay loam over 
medium clay. 
35 Upper slopes or 
hillcrests 
B 
Rennie Soft to hardsetting, brown 
gravelly sandy loam over 
cemented laterite. 
20 Hillcrests C 
Du2 
1,300 
Mount Scratch As above 100 Undulating to 
rolling rises 
D 
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Erciu  Sy‘ 9M 
155,500 ha 7.5% o f  the survey area 
Level to gently undulating sandplain. Drainage lines 
absent with a few soaks. 
Rainfall: 425 to 350 m m  decreasing to the east and 
north. 
Pa ren t  material: Part o f  Victoria Plateau which consists 
o f  Permian and Mesozoic sediments which underwent 
periods o f  laterisation from the mid-Tertiary to 
Pleistocene times. Surface deposits are eluvial and 
colluvial sands o f  variable thickness from 30 to 800+ cm, 
typically 250 to 550 cm. The sand is underlain by 
ferruginous gravel 50 to 150+ cm thick which becomes 
cemented and dense with depth. Gravel overlies mottled 
clay which is underlain by  bleached or pallid clay. 
L a n d  use: Extensively cleared for agriculture, but native 
vegetation remains on roadsides and several reserves. 
Cropping o f  cereals and lupins, grazing o f  annual 
pastures. 
25 0 25 50 75 100km 
Distribution of Eradu System 
Symbol 
a n d  area 
Soil series Description Percentage Landscape  position Diagram 
symbol 
En l 
144,400 
Eradu Loose to soft, yellowish brown 
loamy sand over brownish yellow 
clayey sand. 
80 All positions A 
Eradu-1 Gravelly variant o f  Eradu, 
ferruginous gravel in B horizon. 
15 All positions B 
Casuarina Loose to soft, grey to pale brown 
sand over sandy gravel. 
5 All positions C 
Er2 Eradu As above. 55 All positions A 
11,100 Indarra Loose, yellowish brown sand 
grading to brownish yellow sand. 
25 Crests and  low rises D 
Eradu-1 As above. 15 All positions B 
Heaton Loose to firm, dark brown to 
greyish brown sands over reddish 
yellow sandy clay. 
5 Lower slopes E 
(relative height) 
(m) 
60 — 
40 — 
20- 
0 
0 
A+B+C 
soa 
A D  B 
Er2 
500 1000 1500 500 1000 1500 (m) 
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Fegan System 
20,300 ha 1.0% of the survey area 
Gently undulating low rises and hillcrests of broad 
mature valleys, in upper Irwin River catchment. 
Rainfall: 350 to 300 mm, decreasing to the east. 
Parent material: Colluvial sands and gravels on 
Archaean granite rocks of the Yilgarn Craton. 
Land use: Extensively cleared for annual pastures and 
cropping to cereals. Remnant vegetation on shallow 
rocky soils. 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Fe 
20,300 
Fegan Hardsetting, reddish brown sandy 
loam over sandy clay loam on 
granite. 
45 Undulating low rises A 
Grima Finn to hardsetting, reddish brown 
stony clayey sand on granite. 
40 Hillcrests and ridges B 
Mindage Hardsetting, reddish brown sandy 
loam over sandy clay loam with 
red-brown hardpan at moderate 
depth. 
15 Mid to lower slopes C 
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Greencugh Alluviuni 1,ysten, 
19,600 ha 0.9% of the survey area 
Level alluvial plain with areas of minor terracing. 
Rainfall: 500 mm. 
Paren t  material:  Alluvial flats were relic wind deflation 
(eroded) plains which have been infilled with recent 
terrestrial alluvial deposits from the Greenough River. 
The system is bounded by calcareous units to the west 
(Quindalup System), with minor areas o f  limestone and 
sandy colluvial slopes to the east. The alluvial flats are 
divided by the Tamala System (Pleistocene limestone) 
which has been breached by the Greenough River near 
Walkaway. 
L a n d  use: Oaten hay production with cereal cropping 
and lupins on eastern flats; grazing of annual pastures. 
Almost all native vegetation has been cleared, but 
occasional Eucalyptus camaldulensis (river gum) remain 
in poorly drained areas on Ga2 and scattered on Gal. 
50 75 100km 25 0 25 
b..0 
Distribution of Greenough Alluvium System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Gal Greenough Hardsetting to cracking, grey 
gradational silty clay. 
85 Alluvial plain A 
3,100 Bootenal Firm, reddish brown loamy sand 
grading to sandy clay loam. 
15 Low river terraces B 
Ga2 Bootenal As above. 75 Alluvial plain and 
low river terraces 
C 
7,100 Bowes Firm to hardsefting, reddish brown 
sandy loam grading to clay at 
depth. 
20 Alluvial plain D 
Greenough As above. 5 Slight depressions on 
alluvial plain 
E 
Ga3 Fraser Self-mulching, grey cracking clay. 75 Alluvial plain F 
2,000 Greenough As above. 25 Alluvial plain G 
Ga4 Bowes As above. 85 Alluvial plain D 
7,400 Bootenal As above. 15 Alluvial plain and 
low river terraces 
C 
(height above sea level) 
(m) 
50 
40 
30 
20 
10 
0 1 6 0  2(100 
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Greenough Syst:In 
18,200 ha 0.9% of the survey area 
River beds, terraces and alluvial flats associated with 
Greenough, Murchison, Hutt and Chapman River 
systems. Includes dissected margins of relic alluvial 
plains. 
Rainfall: 450 to 275 mm, decreasing to the east. 
Parent material: The Greenough River dissects four 
physiographic regions before entering the sea. The 
most northerly is the western margin of the Yilgarn 
Craton before cutting a broad valley through undulating 
sandplain of the Victoria Plateau. The river passes 
around the southern extent of  the Northampton Block, a 
group of pre-Cambrian granites, before depositing 
alluvial materials on two coastal flats and breaching 
Quaternary limestone and coastal sand deposits (coastal 
association). 
The Murchison upstream of the Yardi Fault is a mature 
low energy river that meanders through weakly 
dissected sandplain (Victoria Plateau) to give a 
reticulated (braided) channel pattern up to 2 km wide. Below the Yardi Fault and upstream of the Hardabut 
Fault it flows through the Northampton Block in undulating rises and low hills up to 200 m wide. 
The Hutt River forms a narrow alluvial plain behind the Tamala System before breaching coastal dunes south 
of Port Gregoty, 
The Chapman River dissects the Northampton Block with alluvial plains extending to the northern end of  the 
Greenough Flats. 
25 0 25 50 75 100km 
Distribution of Greenough System 
Land use: Most river banks are uncleared, but alluvial flats have been cleared for gazing of annual pastures 
and cereal cropping. 
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Greenough 
Symbol 
a n d  area 
Soil series Description Percentage Landscape  position Diagram 
symbol 
Gel 
3,500 
river bed Firm to hardsetting, reddish brown 
sandy loam grading to clay at 
depth. 
60 River bed A 
Bowes Firm to hardsetting, reddish brown 
sandy loam grading to  clay at 
depth. 
40 Gently inclined alluvial 
terrace 
B 
Ge2 Bootenal Firm, reddish brown loamy sand 
grading to sandy clay loam. 
55 Gently inclined alluvial 
terrace 
C 
2,500 Bowes As  above. 45 Gently inclined alluvial 
terrace 
B 
Ge3 
3,200 
Mindage Hardsetting, reddish brown sandy 
loam over sandy clay loam with 
red-brown hardpan at moderate 
depth. 
100 Prior alluvial terrace D 
Ge4 
1,000 
Moresby Soft to hardsetting, yellowish 
brown to greyish brown clayey 
sand over mottled sandy clay. 
45 Alluvial terrace E 
Bowes As above. 45 Alluvial terrace F 
Greenough Hardsetting to cracking, grey 
gradational silty clay. 
10 Alluvial terrace G 
Ge5 
8,000 
Bowes As above. 85 Alluvial flats and 
terraces 
H 
Bootenal As above. 15 Alluvial flats and 
terraces 
I 
(relative height) 
(m) 
60 
40 
2 
A 
Gel 
200 400 600 800 1000 1200(m) 0 200 400 600 800(m) 
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lndar SycLL:.-37 
29,800 ha L4% of the survey area 
Gently inclined to undulating slopes common on upland 
surfaces with low breakaway edges. 
Rainfall: 400 to 300 mm, decreasing to the east and 
north. 
P a r e n t  material:  Tertiary laterite profile developed on 
Archaean granites. Profile has weathered to leave 
isolated sandy gravel remnants on gently undulating 
granite terrain. 
L a n d  use: Extensively cleared for agriculture; grazing of 
annual pastures, occasional cereal cropping. Native 
vegetation remains on isolated units in rough dissected 
country, 
75 100km 25 0 25 
mai 
Distribution of indar System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Int 
21,000 
Wipanga Hardsetting, yellowish brown 
gravelly sandy loam. 
65 Gentle slopes A 
Matteno Hardsetting, dark brown gravelly 
sandy loam over sandy clay on 
cemented laterite. 
25 Lower slopes B 
Wipanga As Wipanga but <30 cm deep. 10 Ridges and crests C 
(shallow) 
In2 Matteno As above. 60 Upper slopes D 
700 Morawa-1 Hardsetting, red sandy loam 
grading to clay loam over red- 
brown hardpan; much manganese 
gravel throughout profile. 
30 Lower slopes E 
Wipanga As above. 10 Lower slopes, gentle rises A 
In3 Morawa-1 As above. 45 Gentle rises and crests F 
8,100 Morawa-3 Hardsetting, red loam grading to 
clay over red-brown hardpan. 
35 Lower and mid-slopes G 
Indar Hardsetting, reddish brown sandy 
loam grading to clay on granite. 
20 Lower slopes H 
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Indar System 
The Indar System, mainly east and north o f  Mingenew, is extensively cleared or grazing of 
annual pastures and occasional cropping. 
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117.1f1 SyrteLJ 
11,900 ha 0.6% of the survey area 
Level to very gently inclined alluvial flats and terraces of 
the lower reaches of the Irwin and Lockier Rivers 
downstream of the Darling Fault. 
Rainfall: 500 to 415 mm, decreasing to the east. 
P a r e n t  material:  Sand, silt and clay alluvium of 
Pleistocene Age. Alluvial products of Irwin River have 
spread to broad alluvial fans behind Tamala System and 
to a smaller extent behind Quindalup System. Irwin 
River has breached both units and enters the sea at 
Dongara. 
L a n d  use: Cropping to cereals, field peas and faba beans. 
Small area of irrigated horticulture. Grazing of annual 
pastures. 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
In Fraser Self-mulching, grey cracking clay. 75 Alluvial flats A 
4,100 Bowes Firm to hardsetting, reddish brown 
sandy loam grading to clay at depth. 
25 Alluvial flats B 
1r2 Bootenal Firm, reddish brown loamy sand 
grading to sandy clay loam. 
45 Alluvial terraces and 
banks 
C 
6,600 Moresby Soft to hardsetting, yellowish brown 
to greyish brown clayey sand over 
mottled sandy clay. 
40 Alluvial terraces and 
lower slopes 
D 
Greenough Hardsetting to cracking, grey 
gradational silty clay. 
15 Alluvial flats E 
1r3 Bowes As above. 40 Alluvial terraces G 
1,200 Gnoolowa Eroded, hardsetting, greyish brown 
clay. 
30 Alluvial flats and 
terraces 
F 
Bootenal As above. 30 Alluvial terraces 1-1 
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rwin System 
Cracking clays are comparatively rare in the survey area, but small areas are found on the 
alluvial flats close to the Irwin River. 
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Cyc:shm 
12,900 ha 0.6% of the survey area 
Range of rolling to very steep low hills with gently 
inclined footslopes. 
Rainfall: 325 mm. 
Parent material: Part of the Koolanooka synform, an 
association of sedimentary and volcanic rocks. It 
comprises a complex of Archaean and Proterozoic rocks 
including gneiss (Moonagain and Milhun Ranges), 
dolerite, quartz arenite, gabbro, basalt, banded iron 
formations and others (Koolanooka Hills). 
Land use: Footslopes extensively cleared for agriculture; 
grazing of annual pastures, cropping to cereals. 
Koolanooka Hills was the site of an early iron ore mine. 
25 0 
. . 
25 50 75 100km 
Distribution of Koolanooka System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Kol rock outcrop Rock outcrop. 85 Steep terrain A 
5,400 unnamed-4 Stony sandy barns. 15 Side and footslopes B 
Ko2 Morawa-1 Hardsetting, red loam grading to 60 Lower slopes C 
7,500 clay over red-brown hardpann; 
much manganese gravel 
throughout profile. 
Mindage-2 Red sandy loam with manganese 
gravel throughout profile. 
30 Low rises D 
Wilroy (rocky) Hardsetting, red clayey sand 
over light sandy clay loam with 
red- brown hardpan at shallow 
to moderate depth. 
10 Ridges and crests E 
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Mount Adams System 
12,400 ha 0.6% of the survey area 
Gently undulating sandplain, dissected in places with 
low gravel ridges and occasional laterite breakaways. 
Broad open depressions with occasional fixed drainage 
lines and soaks. 
Rainfall: 500 to 415 mm, decreasing to the east. 
Parent material: Dissected sandplain with widespread 
laterisation. The thin cover of eluvial and colluvial 
sands is underlain by ferruginous gravels and mottled 
and pallid clays (part of relic laterite profile). 
Land use: Extensively cleared for agriculture, but 
remnant vegetation on small breakaways, road reserves 
and some shallow soils. Grazing of annual pastures with 
occasional cropping to cereals and lupins. Perennial 
fodder crops in small areas on deeper sands and sand on 
clay. 
x LIM 
25 0 25 50 75 100km 
Distribution of Mount Adams System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Ma 
12 400 
, 
Tabletop 
(gravelly) 
Loose, dark grey to yellow sand 
grading to gravelly yellow sandy 
clay loam a t  depth. 
35 Mid to upper slopes A 
Allanooka Loose to soft, grey over pale 
brown over pale yellow sand. 
30 Hillslopes B 
Heaton Loose to firm, dark brown to 
greyish brown sand over reddish 
yellow sandy clay. 
15 Mid to lower slopes C 
Rennie Soft to hardsetting, brown 
gravelly sandy loam over 
cemented laterite. 
15 Hillcrests and ridges D 
Nabbeja Loose, grey sand over bleached 
sand over cemented laterite. 
5 Low rises and ridges E 
(relative height) 
(m) 
80 
60 
Mj 
1 1 1 1 
500 1000 1500 2000 2500 3000 3500 4000 (m) 
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Mount Budd System Mb 
13,900 ha 0.7% of the survey area 
Isolated mesas and flat-topped hills with level to gently 
undulating plateau surfaces, steep to very steep 
sideslopes and long, gently inclined footslopes. 
Rainfall: 400 mm. 
P a r e n t  material: Occurs as the eastern erosional face of 
the Irwin Sub-basin (Lockier physiographic area) eroded 
by Lockier River and Greenbrook Creek. Plateau 
surfaces may have minor laterite, and with the sideslopes 
and scarps are exposures of Permian sandstones, shales, 
siltstones, conglomerate and tillite. Footslopes are 
Quaternary colluvium, sand and clay. 
L a n d  use: Extensively cleared for agriculture, but 
remnant vegetation survives on hill tops and steep 
sideslopes. Grazing of annual pastures and cropping to 
cereals and field peas, mainly on the footslopes. 
50 75 100km 25 0 25 
a.J1 
Distribution of Mount Budd System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Mbl 
300 
unnamed-5 Stony to sandy clay barns. 100 Mesa sideslopes and 
summit surfaces 
A 
Mb2 Greenbrook Hardsetting, reddish brown fine 85 Upper footslopes B 
2,500 sandy clay loam over red clay. 
unnamed-5 As above. 15 Upper footslopes C 
Mb3 Irwin Dark brown to reddish brown 90 Lower footslopes D 
9,100 cracking clay. 
Bowes Firm to hardsetting, reddish brown 
sandy loam.. 
10 Lower footslopes E 
Mb4 Bootenal-1 Firm, reddish brown loamy sand 65 Footslopes F 
2,000 grading to sandy loam. 
Allanooka Loose to soft, grey over pale brown 
over pale yellow sand. 
25 Footslopes G 
Nabbeja Loose, grey sand over bleached 
sand over cemented laterite. 
5 Lower footslopes H 
Bluewell Firm to hardsetting, brown 
gravelly clayey sand over laterite. 
5 Footslopes I 
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Mullingarra System 
4,200 ha 0.2% of the survey area 
Range of undulating to steep low hills with numerous 
rocky ridges and hillcrests. 
Rainfall: 420 mm. 
Parent material: Part of the Mullingarra Inlier, an 
Archaean quartzo-feldspathic gneiss with small areas of 
amphibolite. Occurs on the western margin of the Irwin 
Sub-basin near the Urella Fault. 
Land use: Partially cleared on the deeper foothill soils 
and some slopes. Grazing of annual pastures, cropping 
to cereals. 
Mg 
25 0 25 50 75 100km 
Distribution of Mullingarra System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Mgl 
4,100 
Mullingarra Hardsetting, dark reddish brown 
gritty clayey sand grading to clay 
on gneiss. 
65 Hillslopes A 
Mullingarra-1 Shallow stony phase of 35 Hillcrests and ridges B 
Mullingarra, thin or absent B2. 
Mg2 unnamed-8 Coarse sands. 70 Hillslopes C 
100 rock outcrop Gneiss. 30 Hillcrest D 
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Mourf Jorner System 
116,600 ha 5.6% of the survey area 
Lateritic breakaways with spillway sands. Long gentle 
slopes broken by low gravel ridges and broad open 
depressions. Few fixed drainage lines. The system 
slopes from western edge of Casuarina System (gently 
undulating sandplain) to Tamala System (coastal 
limestone hills). 
Rainfall: 475 to 500 turn. 
P a r e n t  material: South-western edge of Victoria Plateau 
which has been dissected at the margins. The plateau is 
underlain by Permian and Mesozoic sediments on which 
a laterite profile has developed since mid-Tertiary 
Period. Some laterite development has occurred since 
dissection of the landscape. Recent colluvial and eluvial 
sandy deposits cover much of the land. 
L a n d  use: Extensively cleared for annual pastures; 
cropping of  cereals and lupins; perennial fodder crops in 
small areas on open depressions. 
25 0 25 50 75 100km 
11Z 
Distribution of Mount Homer System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Mh 
116,600 
Allanooka Loose to soft, grey over pale brown 
over pale yellow sand. 
45 Hillslopes A 
Eurangoa Loose to soft, grey to greyish brown 
sand over yellow clayey sand. 
25 Hillslopes B 
Bluewell Firm to hardsetting, brown gravelly 
clayey sand over cemented laterite. 
15 Low ridges C 
Balline Loose, grey coarse sand over pale 
brown to white coarse sand. 
5 Lower slopes and 
drainage depressions 
below breakaways 
D 
Heaton Loose to firm, dark brown to greyish 
brown sand over reddish yellow 
sandy clay. 
5 Lower slopes E 
Eradu Loose to soft, grey to pale brown 
sand over brownish yellow clayey 
sand. 
5 Gently inclined upper 
slopes 
F 
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Mir:  System 
30,000 ha 1.4% o f  the survey area 
Dissected western margin o f  sandplain. Gently inclined 
long slopes with low gravel ridges and spillway sands 
below lateritic breakaways. 
Rainfall: 500 to 400 mm, decreasing to  the east. 
Parent material: Colluvial deposits from Tertiary 
sandplain underlain by clayey material. System is lowest 
dissected member o f  sandplain before alluvial terraces of 
Greenough River. 
Land use: Extensively cleared for grazing o f  annual 
pastures, cropping to cereals and minor areas o f  lupins. 
Mj 
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Distribution of Munja System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Mj 
30,000 
Heaton Loose to firm, dark brown to 
greyish brown sand over reddish 
yellow sandy clay. 
35 Gentle slopes below 
breakaways 
A 
Bluewell Firm to hardsetting, brown 
gravelly clayey sand over laterite. 
30 Low rises B 
Allanooka Loose to soft, grey over pale brown 
over yellow sand. 
25 Gentle slopes C 
Balline Loose, grey coarse sand over pale 
brown to white coarse sand. 
10 Below breakaways D 
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Mount Nuan Sy16.77 
9,300 ha 0.4% of the survey area 
Rolling to steep low hills with rocky crests and long 
gently inclined sandy footslopes. 
Rainfall: 375 to 400 mm. 
P a r e n t  material: Mid-Proterozoic rocks, mainly basalt 
with jasper veins and tuffaceous siltstone and tuff, minor 
areas of  red-laminated brecciated chert and quartz 
arenite. Quaternary sand deposits on the footslopes. 
L a n d  use: Extensively cleared for agriculture, remnant 
vegetation on crests. Cropping to cereals and lupins, 
grazing of annual pastures on footslopes. 
25 0 25 50 75 100km 
Distribution of Mount Nunn System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Mnl unnamed-4 Stony sandy barns. 80 Undulating hilly terrain A 
4,000 Moresby Soft to hardsetting, yellowish 
brown to greyish brown clayey 
sand over mottled sandy clay. 
20 Mid and lower slopes B 
Mn2 
5,300 
Eradu Loose to soft, yellowish brown 
loamy sand over brownish yellow 
clayey sand. 
35 Footslopes C 
Bootenal-1 Firm, reddish brown loamy sand 
grading to sandy loam. 
35 Mid and upper 
footslopes 
D 
Eradu-1 Gravelly phase of Eradu, 
ferruginous gravel in B horizon. 
30 Lower footslopes E 
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Moresby System 
29,300 ha 1.4% of the survey area 
Flat-topped ranges and isolated mesas. Flat to gently 
undulating summit surfaces, moderate to steep sideslopes 
and gently inclined footslopes. 
Rainfall: 500 mm. 
Parent material: Jurassic marine sediments (Champion 
Bay and Chapman groups) comprising sandstones, 
fossiliferous limestone and shale. Summit surfaces were 
once continuous undulating plain, part of the Victoria 
Plateau which underwent one or more periods of laterite 
development from early Tertiary times. The western 
margins of the plateau were dissected by local river 
systems in Pliocene times to form much of the present 
landscape. A weathered laterite profile exists on summit 
surfaces with shallow rocky sideslopes and recent 
colluvium on the footslopes. 
Land use: The footslopes and tops of the larger mesas 
are cropped to cereals and lupins. Annual pastures are 
grown widely. The sideslopes of some mesas have been 
cleared for grazing, but many steeper mesas are uncleared with occasional grazing by sheep. 
N 
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Distribution of Moresby System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Mol 
9,200 
Rennie Soft to hardsetting, brown gravelly 
sandy loam over cemented laterite. 
35 Level to gently 
undulating summits 
A 
Nabbeja Loose, grey sand over bleached 
sand over cemented laterite. 
25 Edges of  summits B 
Eurangoa Loose to soft, grey to greyish 
brown over yellow clayey sand. 
20 Larger summits C 
Mount Scratch-1 Sandy loam over yellowish grey 
medium clay at 15-50 cm over 
weathered rock at 40-100 cm. 
15 Undulating summits D 
Heaton Loose to firm, dark brown to 
greyish brown sand over reddish 
yellow sandy clay. 
5 Rounded edges of 
summits 
E 
Mo2 
18,200 
Moresby Soft to hardsetting, yellowish 
brown to greyish brown clayey 
sand over mottled sandy clay. 
90 Footslopes F 
Eurangoa Loose to soft, grey to greyish 
brown sand over yellow clayey 
sand. 
8 Footslopes G 
Balline Loose, grey coarse sand over pale 
brown to white coarse sand. 
2 Lower footslopes H 
Mo3 Bootenal Firm, reddish brown loamy sand 
grading to sandy clay loam. 
65 Upper footslopes I 
1,800 Bowes Firm to hardsetting, reddish brown 
sandy loam grading to clay at 
depth. 
35 Lower footslopes J 
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The Moresby Ranges, viewed from the coast at Drummonds Cove, are distinctive in the survey 
area f o r  their flat tops. 
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M u r c h n  S;stem 
8,200 ha 0.4% of the survey area 
Gently inclined to steep slopes of a narrow valley, 
including upstream sections of the Hutt River and lower 
reaches of the Wittecan-a Gully south of  Kalbarri. 
Rainfall: 300 to 325 mm. 
Parent material: Siliceous sands overlie Tumblagooda 
Sandstone (Silurian Period) which has been incised to 
form a narrow valley. Uplift west of the Hardabut Fault 
in the late Tertiary Period is believed to have caused the 
rivers to cut into the sandstone. 
Land use: Small areas of alluvial flats cleared for 
agriculture but steep sideslopes are mostly uncleared. 
0 25 50 75 100km 25 
• 
ea/ 
Distribution of Murchison System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Mnl Balline Loose, grey coarse sand over pale 75 Gently to moderately A 
300 (shallow) brown to white coarse sand over 
rock. 
inclined slopes 
river bed River bed. 15 River bed B 
rock outcrop Sandstone. 10 Moderate to steep 
slopes 
C 
Mr2 
7,900 
Allanooka 
(shallow) 
Loose to soft, grey over pale brown 
over pale yellow sand. 
75 Hillslopes D 
Balline 
(shallow) 
As above. 25 Level to gently inclined 
upland surfaces 
E 
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Mount Scratch System 
8,400 ha 0.4% o f  the survey area 
Line o f  rolling low hills and gently inclined footslopes. 
Rainfall: 400 mm. 
P a r e n t  material: Siltstone with minor conglomerate, 
part o f  Mount Scratch siltstone and Permian tillite, 
shales and conglomerate in  Irwin Sub-basin. 
L a n d  use: Extensively cleared for grazing o f  annual 
pastures; cereal cropping. 
25 0 25 50 75 100km 
Distribution of Mount Scratch System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Msl 
2,700 
Greywacke Hardsetting, reddish brown, 
gravelly sandy loam over sandy 
clay. 
85 Dissected rises A 
Mount Scratch Hardsetting to cracking, reddish 
brown sandy clay loam over 
medium clay. 
10 Undulating rises B 
Wipanga Hardsetting, yellowish brown 
gravelly sandy loam, 
5 Lower slopes and 
drainage lines 
C 
Ms2 
1,800 
Mount Scratch As above. 100 Undulating to rolling 
low hills 
D 
Ms3 Mount Scratch As above. 60 Low rises and hillslopes E 
3,900 
unnamed-7 Calcareous fine sandy loam. 40 Undulating terrain F 
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Mullewa System 
33,500 ha  1.6% o f  the survey area 
Gently undulating plains and weakly dissected terrain 
with low rocky ridges, gentle slopes and an integrated 
drainage network. 
Rainfall: 325 mm. 
Pa ren t  material: Lies immediately east o f  the Darling 
Fault and includes Archaean migmatites and granites, 
from 2,800 to 3,100 million years old. Quaternary 
colluvial deposits o f  clay and sand in lower positions. 
L a n d  use: Extensively cleared for annual pastures 
(shallow rocky soils), cropping to cereals on lower slopes. 
Native vegetation remnants on few rocky ridges only. 
25 0 25 50 75 100km 
Distribution of Mullewa System 
Symbol 
a n d  area 
Soil series Description Percentage Landscape  position Diagram 
symbol 
Mul 
25,500 
Mindage Hardsetting, reddish brown sandy 
loam over sandy clay loam with 
red-brown hardpan at moderate 
depth. 
35 Mid to upper slopes A 
Mindage-1 As above, but  sandy clay loam over 
light to medium clay. 
25 Mid to upper slopes B 
Fegan Hardsetting, reddish brown sandy 
loam over sandy clay loam on 
granite. 
25 Low rises and 
hillcrests 
C 
Indar Hardsetting, reddish brown sandy 
loam grading to clay on granite. 
15 Low ridges D 
Mu2 Fegan As above. 45 Low rises and ridges C 
1,800 Butterabby-1 Hardsetting, reddish brown sandy 
loam over alkaline clay; free lime 
may extend to 160 cm. 
35 Gently undulating 
terrain 
E 
Mindage As above. 20 Hills and lower slopes F 
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Moravia System 
23,600 ha 1.1% of the survey area 
Gently undulating low rises and ridges and gentle upper 
slopes; higher positions in broad valleys. 
Rainfall: 375 to 325 mm, decreasing to the east. 
Parent material: Various grades of Archaean granite 
and gneiss rocks with residual deposits of sands and clay. 
Residual deposits of lateritic material. 
Land use: Extensively cleared for cereal cropping and 
grazing of annual pastures. 
25 0 25 
. . 
50 75 100km 
Distribution of Morawa System 
Symbol 
a n d  area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Mw! 
21,800 
Canna Hardsetting, reddish brown sandy loam 
grading to red sandy clay loam on granite. 
40 Low rises and ridges A 
Grima Firm to hardsetting, reddish brown stony 
clayey sand on granite. 
25 Upper slopes and ridges B 
Morawa Hardsetting, red sandy loam to clay loam 
over red-brown hardpan. 
20 Gentle slopes C 
Kelly Firm, yellowish brown clayey sand over 
gravelly light sandy clay loam. 
15 Ridges and gentle slopes D 
Mw2 Grima As above. 45 Low rises and ridges E 
1,800 Mindage Hardsetting, reddish brown sandy loam 
over sandy clay loam with red-brown 
hardpan at moderate depth. 
25 Gentle slopes F 
Koolanoolca Gilgai surface, dark reddish brown - grey 
light clay grading to alkaline, structured 
medium- heavy clay. 
15 Lower slopes G 
Kelly Firm, yellowish brown clayey sand over 
gravelly light sandy clay loam. 
15 Ridges and gentle slopes D 
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Nangerwalla System 
31,500 ha 1.5% o f  the survey area 
Broad valleys draining to Greenough River with 
undulating to rolling rises and rocky ridges between level 
and very gently inclined valley flats. 
Rainfall: 300 mm. 
Parent  material:  Archaean granites o f  Yilgarn Craton 
form undulating country with Quaternary alluvial and 
colluvial deposits in the valley floor underlain by red- 
brown hardpan. 
L a n d  use: Large areas o f  native vegetation remain 
uncleared due to shallow rocky soil and low rainfall. 
Grazing o f  annual pastures, occasional cropping to 
cereals on lower slopes o f  red barns  on red-brown 
hardpan. 
I _a 
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Distribution of Nangerwalla System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Na! unnamed-4 Stony sandy loams. 55 Crests and ridges A 
27,300 Wilroy Hardsetting, red clayey sand over 
light sandy clay loam with red- 
brown hardpan at shallow to 
moderate depth. 
45 Gentle short slopes and 
lower slopes 
B 
Na2 
4,200 
Mindage Hardsetting, reddish brown sandy 
loam over sandy clay loam with 
red-brown hardpan at moderate 
depth. 
55 Gentle hillslopes C 
Morawa Hardsetting, red sandy loam 
grading to clay loam over a red- 
brown hardpan. 
45 Level flats to lower 
slopes 
D 
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Noolagabbi System 
98,300 ha 4.8% of the survey area 
Extensive level to very gently inclined flats and lower 
slopes found at the base of broad valleys. Associated 
drainage networks are often saline. 
Rainfall: 375 to 300 mm, decreasing to the east. 
Parent material: Quaternary alluvial and colluvial 
material forming valley infill on broad mature valleys. 
Material weathered from Yilgarn Craton and underlain 
by silcrete or calcrete hardpan. 
Land use: Extensively cleared for agriculture, but 
remnant vegetation retained along saline drainage 
network. Grazing of annual pastures and cropping to 
cereals. 
25 0 25 50 75 100km 
Distribution of NooIagabbi System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Ngl 
33,200 
Mindage Hardsetting, reddish brown sandy 
loam over sandy clay loam with 
red-brown hardpan. 
80 Flats and lower slopes A 
Mindage-1 As above, but sandy clay loam over 
light to medium clay. 
10 Flats and lower slopes B 
Wilroy Hardsetting, red clayey sand over 
light sandy clay loam with red- 
brown hardpan at shallow to 
moderate depth. 
10 Flats and lower slopes C 
Ng2 
42,500 
Morawa Hardsetting, red sandy loam 
grading to clay loam over a red- 
brown hardpan. 
85 Flats and lower slopes D 
Mindage As above. 15 Flats and lower slopes A 
Ng3 Wilroy As above. 90 Flats and lower slopes C 
9,800 Mindage As above. 10 Flats and lower slopes A 
Ng4 Mindage 
(rocky) 
Rocky variant o f  Mindage. 75 Very gently inclined 
slopes 
E 
8,000 Canna Hardsetting, reddish brown sandy 
loam grading to red sandy clay 
loam on granite. 
25 Very gently inclined 
slopes 
F 
Ng5 
4,800 
Butterabby 
Morawa 
Hardsetting, reddish brown sandy 
loam over alkaline clay, 
As above. 
85 
15 
Level to very gently 
inclined flats 
Level to very gently 
inclined flats 
G 
D 
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Noolagabbi System Ng 
The Noolagabbi System in the south-east o f  the region is generally flat and extensively 
cleared for  agriculture. 
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Northainpla) System 
89,500 ha 4.3% of the survey area 
Narrow valleys with gently undulating to rolling rises 
and low hills with an integrated drainage pattern. Rock 
outcrop common on hillcrests with long gentle slopes 
and alluvial terraces associated with local rivers. Forms 
much of drainage basin of Chapman, Bowes, Oakajee 
and Buller Rivers. 
Rainfall: 500 to 400 mm decreasing to the north and 
east. 
Parent material: Western parts of Northampton Block 
consisting of granulites of Proterozoic age. Numerous 
dolerite dykes of Cambrian age strike north to north-east 
with minor areas of feldspathic quartzite. The area was 
covered with Jurassic marine sediments that formed an 
undulating plain later eroded by local river systems in 
late Pliocene-early Pleistocene to form much of the 
present landscape. Remnants of the Jurassic sediments 
exist today and are characterised by the flat-topped 
mesas of the Moresby Ranges (Moresby System). 
Land use: Mostly cropping and grazing of  annual 
pastures. Small area of horticulture around Northampton townsite. Native vegetation extensively cleared for 
agriculture except for steeper rocky areas and drainage lines. 
Distribution of Northampton System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
No! Northampton Hardsetting, red-brown stony sandy 75 Crests and hillslopes A 
80,100 loam over sandy clay loam on 
granulite. 
Kojarena Hardsetting, red-brown gritty sandy 
loam over clay on granite. 
15 Hillslopes B 
unnamed-10 Gradational red structured clays on 
dolerite. 
10 Gentle to undulating C 
No2 Bootenal Firm, reddish brown loamy sand 55 Gentle hillslopes D 
9,400 grading to sandy clay loam. 
Bowes Firm to hardsetting, reddish brown 
sandy loam grading to clay at depth. 
45 Lower slopes and 
alluvial terraces 
E 
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Nangetty Syctem 
25,600 ha 1.2% o f  the survey area 
Undulating to rolling rises and low hills with isolated 
mesas and scarp faces with eroded footslopes. 
Rainfall: 375 mm. 
Pa ren t  material:  Quaternary alluvium and colluvium 
surface deposits. Underlying Permian tillite, shale, 
sandstone and conglomerate. System found in northern 
end o f  Lockier physiographic area, part o f  Irwin Sub- 
basin bounded by Urella and Darling Faults. Mesas have 
Tertiary laterite capping with residual siliceous sands. 
Samples o f  Permian glacial tillite present. 
L a n d  use: Extensively cleared for grazing o f  annual 
pastures and cropping to cereals and field peas. Few 
remnants o f  original vegetation on summits. 
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Distribution of Nangetty System 
Symbol 
a n d  area 
Soil series Description Percentage Landscape  position Diagram 
symbol 
Ntl 
4,300 
Gnoolowa Eroded, hardsetting, greyish brown 
clay. 
80 Eroded footslopes A 
unnamed-11 Eroded, rocky greyish brown clay. 20 Eroded hillslopes B 
Nt2 Irwin Dark brown to reddish brown 
cracking clay. 
55 Very gently undulating 
rises. 
C 
9,500 Irwin-2 Dark yellowish brown to reddish 
brown cracking clay. 
45 Gently undulating rises D 
Nt3 unnamed-12 Eroded, silty clays. 75 Gentle slopes E 
3,200 unnamed-6 Stony shale ridges. 25 Low ridges F 
Nt4 Irwin-2 As  above. 40 Undulating rises D 
5,800 Irwin As above. 35 Gently undulating rises C 
Greenbrook Hardsetting, reddish brown fine 
sandy clay loam over red clay. 
25 Low rises G 
Nt5 
2,500 
unnamed-13 Fine sand to silt over clay. 100 Lower slopes and 
drainage lines 
H 
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lyie System 
20,800 ha 1.0% o f  the survey area 
Level to gently undulating moderately dissected 
sandplain with low gravel ridges and numerous drainage 
lines. 
Rainfall: 425 mm. 
P a r e n t  material:  Section o f  the western margin o f  the 
Victoria Plateau which has been partly dissected. 
Aeolian and eluvial siliceous sands overlie a laterite 
profile, exposed in places, developed on Permian and 
Mesozoic sediments during the Tertiary Period. 
L a n d  use: Extensively cleared for grazing o f  annual 
pastures, cropping to cereals and lupins on deeper soils. 
Remnant vegetation along drainage lines. 
Og 
25 0 25 50 75 100km 
Distribution of Ogilvie System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Ogl 
19,200 
Bluewell Firm to hardsetting, brown 
gravelly clayey sand over laterite. 
45 Gently undulating 
plain 
A 
Rennie Soft to hardsetting, brown gravelly 
sandy loam over cemented 
laterite. 
45 Gently undulating 
plain 
B 
Udandarra Hardsetting, shallow greyish 
brown stony sand. 
5 Hillslopes o f  narrow 
valleys 
C 
Moresby Soft to hardsetting, yellowish 
brown to greyish brown clayey 
sand over mottled sandy clay. 
5 Lower slope positions 
around soaks 
D 
0g2 
1,600 
Udandarra As above. 100 Mid to upper slopes in 
narrow valley 
E 
(relative height) 
(m) 
0 500 1000 1500 2000 2500 3000 3500 (m) 
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Peterwangy System 
98,300 ha 4.8% of the survey area 
Dissected undulating landscape of narrow valleys divided 
by stony ridges. Granite outcrop common. Outliers 
occur as gentle rises with granite outcrop. 
Rainfall: 350 to 300 mm, decreasing to the east. 
P a r e n t  material:  Mass of Archaean granitic and 
metamorphic rocks of various ages, deeply weathered in 
places on the western edge of the Yilgam Craton. The 
older rocks (2,800 to 3,100 million years) are medium to 
coarse-grained granite to granodiorite with scattered 
phenocrysts and medium-grained adamellite. Areas of 
porphyritic granite to adamellite (2,500 to 2,800 million 
years) also occur, crossed with numerous dolerite and 
diorite dykes of Proterozoic age. 
L a n d  use: Deeper, less rocky soils on the gentle valley 
slopes and below ridges have been cleared for annual 
pastures and cropping to cereals; lupins on deeper sands. 
Many ridges uncleared due to shallow stony soils. 
25 0 25 50 75 100km 
Distribution of Peterwangy System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Pel 
68,600 
Grima Firm to hardsetting, reddish brown 
stony clayey sand on granite. 
35 Low crests and ridges A 
Tardun Hardsetting, dark reddish brown 
gritty clayey sand over clay on 
granite. 
30 Mid to upper slopes B 
Indar Hardsetting, reddish brown sandy 
loam grading to clay on granite. 
20 Hillslopes C 
Mindage Hardsetting, reddish brown sandy 
loam over sandy clay loam with red- 
brown hardpan at depth. 
15 Gently inclined lower 
slopes 
D 
Pe2 Tardun As above. 35 Crests and hillslopes B 
29,000 Grima As above. 35 Low crests and ridges A 
Kelly Firm yellowish brown clayey sand 
over gravelly light sandy clay loam. 
15 Hillslopes E 
Canna Hardsetting, reddish brown sandy 
sand over gravelly light sandy clay 
loam grading to red sandy clay loam 
on granite. 
15 Hillslopes F 
Pe3 Rock Granite. 25 Base of  breakaway face G 
700 unnamed-4 Stony sandy barns. 75 Gentle slopes below 
breakaway 
H 
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Pindar System 
130,100 ha  6.3% o f  the survey area 
Gently undulating sandplain with long gentle slopes. 
Rainfall: 350 to 300 mm, decreasing to the east and 
north. 
P a r e n t  material:  Eluvial and colluvial sands and gravels 
weathered from Tertiary laterite. Profile developed on 
pre-Cambrian granitic rocks during Tertiary times, 
L a n d  use: Extensively cleared for cropping to  cereals 
and minor areas o f  lupins; grazing o f  annual pastures. 
Remnant vegetation along road verges on poor acid 
sands and shallow gravels. 
25 0 25 50 75 109km 
Distribution of Pindar System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Pil 
28,900 
Pindar Soft to firm, dark yellowish brown 
acidic clayey sand. 
75 Gently undulating 
sandplain 
A 
Kelly Firm yellowish brown clayey sand 
over gravelly light sandy clay 
loam. 
15 Gently undulating 
sandplain 
B 
Grima Firm to hardsetting, reddish brown 
stony clayey sand on granite. 
10 Low crests and ridges C 
Pi2 Kelly As above. 55 Hillslopes B 
93,100 Grima As above. 25 Low crests and ridges C 
Pindar As above. 15 Hill, upper slopes D 
Mindage Hardsetting, reddish brown sandy 
loam over sandy clay loam with 
red-brown hardpan at depth. 
5 Mid to lower slopes E 
Pi3 
2,300 
Matteno Hardsetting, dark brown gravelly 
sandy loam over sandy clay on 
cemented laterite. 
100 Level to very gently 
inclined flats and lower 
slopes 
F 
Pi4 
5,800 
Pindar (red) Soft to firm, yellowish red neutral 
to acidic clayey sand. 
100 Gently undulating 
sandplain 
G 
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Q u i t / : 1 p  7i/s7 9M 
26,400 ha 1.3% of the survey area 
Association of foredunes, deflation plains, swales, 
blowouts, parabolic dunes, dunefields and foreshore 
plains. Some units overlap Tamala System. No fixed 
drainage. 
Rainfall: 500 to 400 mm, decreasing to the north. 
P a r e n t  material:  Unconsolidated to weakly lithified 
calcareous sand with small amounts of quartz sand. 
Deposits are well sorted (grains of similar size) shelly 
material of recent age, 7 km wide south of Dongara to a 
thin sequence south of Hutt River below steeply sloping 
Tamala Limestone. Dune systems are aligned to 
prevailing sea breezes (S/SW). Dunes near Dongara are 
used for commercial extraction of lime sand. 
L a n d  use: Much is uncleared and used for recreation. 
Larger swales have been cleared and grazed. Rough 
grazing by sheep throughout. Some of this fragile system 
has been degraded by recreational vehicles and 
overgrazing. 
Q.f 
2 5  0 25 50 75 100km 
Distribution of Quindalup System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Qul 
14,100 
Quindalup Loose, grey sand over pale brown 
calcareous sand. 
65 Coastal dune system 
(foredune/ hind- 
dune/swales) 
A 
Southgate Loose, greyish white to white 
calcareous sand. 
35 Coastal parabolic dune 
system, mobile dunes 
B 
Qu2 Quindalup As above. 75 Coastal dune system A 
6,000 (foredune or foreshore 
plain/dune ridge) 
Southgate As above. 25 Coastal parabolic dune 
system, mobile dunes 
B 
Qu3 Quindalup As above. 75 Coastal dune system A 
6,300 Bookara Loose, dark brown calcareous sand 
over limestone. 
15 Swales C 
Southgate As above. 10 Coastal parabolic dune 
system, mobile dunes 
D 
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Saline DrainSj-tm 
55,400 ha  2.7% o f  the survey area 
Narrow drainage lines (often associated with coastal 
river systems) to broad level salt plains at the base of 
broad mature valleys. Saline areas increasing in places. 
Sections have been captured by Irwin River with outfall 
to  the sea, other southern areas draining into the Yarra- 
Yarra Lakes near Three Springs. 
Rainfall: 400 to 300 mm, decreasing to the east. 
Pa ren t  material:  Quaternary sands, silt and clay often 
underlain by  red-brown hardpan. Valley infill material 
has deposited in broad mature valleys in undulating 
landscape o f  Archaean granite. 
L a n d  use: Mostly uncleared, margins o f  broad salt flats 
used for grazing by sheep. Areas o f  vegetation dieback 
caused by rising saline groundwater. 
Sd 
25 0 25  50 75 100km 
Distribution of Saline Drainage System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Sdl unnamed-14 Saline sandy ba rns  to clay barns 100 Lower slopes and A 
3,600 in coastal river systems. open depressions 
Sd2 Mindage-1 Hardsetting, reddish brown sandy 40 Level to very gently A 
51,800 (saline) clay loam over light to medium 
clay subsoil. 
inclined flats 
Wilroy (saline) Hardsetting, red clayey sand over 
light sandy clay loam with red- 
brown hardpan at shallow to 
moderate depth. 
30 Level to very gently 
inclined flats 
B 
unnamed-14 As above. 30 Level to very gently 
inclined flats 
C 
(rela ive height) 
(m) 
80 
0 
1 0 1  15!O 21S00(m) 
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Sugarfnaf System 
58,600 ha 2.8% of the survey area 
Undulating to rolling rises with narrow valleys and an 
integrated drainage pattern, drained by the Chapman and 
Greenough Rivers. Rock outcrop is common on 
hillcrests and rises. 
Rainfall: 450 to 400 mm decreasing to the north and 
east. 
P a r e n t  material:  Rocks are granites and migmatites of 
mid-Proterozoic age with dolerite dykes of Cambrian age 
tending north to north-east, south and east of the 
Northampton Block. The Northampton Block was 
covered with Jurassic marine sediments to form an 
undulating plain that was eroded by local river systems 
in late Pliocene/early Pleistocene Periods. 
L a n d  use: Grazing of annual pastures, cereal cropping. 
Land is extensively cleared with remnants along 
roadsides. Native vegetation is preserved in Wicherina 
water catchment. 
25 25 50 75 100km 
Distribution of Sugarloaf System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Sul Kojarena Hardsetting, red-brown gritty 
sandy loam over clay on granite. 
45 Mid to lower slopes A 
30,600 Northern Gully Hardsetting gritty loamy sand over 
clay on granite. 
45 Hillcrests and ridges B 
unnamed-10 Gradational red structured clays on 
dolerite. 
5 Hillslopes C 
Rock outcrop Granite. 5 Hillslopes and crests D 
Su2 Northern Gully As above. 85 Crests and hillslopes B 
28,000 unnamed-10 As above. 10 Hillslopes C 
rock outcrop rock 5 Crests and hillslopes D 
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Swamp System 
5,500 ha 0.3% of  the survey area 
Miscellaneous system of soaks and swamps often 
occurring in sandplain. Subsystems Sw2 and Sw3 are 
saline lagoon (Hutt Lagoon) north of Port Gregory. This 
lagoon was a deflation plain and is bounded by Tamala 
Limestone to the east (Tamala System) and calcareous 
sand dunes to the east (Quindalup). 
Symbol 
a n d  area 
Soil series Description Percentage Landscape  position Diagram 
symbol 
Swl 
700 
Heaton Loose to firm, dark brown to 
greyish brown sand over reddish 
yellow sandy clay. 
100 Low lying areas A 
Sw2 unnamed-14 Saline sandy b a r n s  and clay barns. 95 Salt-water lagoon B 
2,900 Bookara Loose, dark brown calcareous sand 
over limestone. 
5 Lower slopes at lagoon 
margin 
C 
Sw3 
1,900 
Quindalup Loose, grey sand over pale brown 
calcareous sand. 
65 Dune ridges D 
unnamed-2 Calcareous sand over alkaline clay. 25 Lower slopes E 
unnnamed-3 Alkaline lacustrine deposits. 10 Flat swampy areas F 
82 
GERALDTON REGION LAND RESOURCES SURVEY 
Tamala System 
96,800 ha 4.7% of the survey area 
Low hills parallel to the coast, extending 4 km inland 
and 3 to 7 km wide. Western units are moderately 
inclined to steep, sometimes cuffed to the sea. South of 
Geraldton they form low hills with relic dune lobes and 
some limestone outcrop. No drainage lines except on 
lithified western faces. Units have been breached by 
rivers and streams at several locations. 
Rainfall: 500 to 400 mm, decreasing to the north. 
Parent material: Tamala Limestone, similar to 
Spearwood Dune System described by McArthur and 
Bettenay (1960), and consisting of calcarenite, kankar 
and quartz sand. A series of aeolian calcareous sand 
dunes was deposited in Pleistocene times which have 
weathered to form leached sands over limestone. 
Land use: Shallow soils and steep rocky terrain are 
mostly uncleared. Deeper red and yellow sands 
extensively cleared for cropping (cereals and lupins) and 
grazing. Deeper calcareous brown to black sands are 
used for grazing and crop (cereal rye). 
25 0 25 50 75 100km 
Distribution of Tamale System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Tal Bookara-1 Loose, deep, dark brown 
calcareous sand over limestone. 
75 Undulating rises and 
swales 
A 
6,400 Quindalup Loose, grey sand over pale brown 
calcareous sand. 
25 Coastal parabolic 
dunes 
B 
Ta2 Bookara Loose, dark brown calcareous sand 
over limestone. 
75 Crests and coastal 
hills 
C 
7,300 Menai Loose to firm, red to reddish 
brown sand over limestone at 
variable depth. 
25 Plains and gentle 
hillslopes 
D 
Ta3 
33,300 
Teakle Loose to soft, yellowish brown 
sand over yellow clayey sand over 
limestone. 
85 Gently undulating 
sandplain 
E 
Teakle-1 Shallow variant, limestone at 15 Crests and ridges F 
<50 cm. 
Ta4 Teakle-1 As above. 75 Crests and low ridges 
in undulating 
sandplain 
F 
29,500 Teakle As above. 25 Gently undulating 
sandplain 
E 
Ta5 Bookara As above. 65 Undulating low hills C 
20,000 Bookara-1 As above. 25 Swales and lower 
slopes 
A 
Menai As above. 10 Hillslopes and swales D 
Ta6 Menai As above. 100 Low rises and ridges D 
300 
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Tamala System 
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The Tamala System stretches along the full extent o f  the survey area, as low hills lying 
parallel to the coast. 
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Thindindawah System 
12,500 ha 0.6% o f  the survey area 
Gently undulating terrain with low stony ridges and 
gentle footslopes. 
Rainfall: 350 mm. 
Parent material: Immediately east o f  the Darling Fault 
and forms footslopes o f  Quaternary colluvium to the 
undulating dissected terrain o f  Yilgarn Craton granites. 
Land use: Extensively cleared for annual pastures, 
cropping to cereals. 
25 0 25 50 75 100km 
Distribution of Thindindawah System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Th 
12,500 
Mindage Hardsetting, reddish brown sandy 
loam over sandy clay loam with 
red-brown hardpan at moderate 
depth. 
40 Mid and lower 
hillslopes 
A 
Mindage-1 As above, but sandy clay loam over 
light to medium clay subsoil. 
25 Hillslopes B 
unnamed-9 Stony calcareous clay barns. 20 Crests and ridges C 
Koolanooka Gilgai surface, dark reddish brown 
to grey light clay grading to 
alkaline, structured medium to 
heavy clay. 
15 Lower slopes and 
plains 
D 
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Urina System 
19,700 ha 0.9% o f  the survey area 
Level to  gently undulating sandplain and gently 
undulating dissected sandplain remnants with low gravel 
ridges, lateritic breakaways and minor areas o f  spillway 
sands. 
Rainfall: 400 to 425 mm. 
P a r e n t  material: Quaternary aeolian siliceous sand and 
lateritic gravels weathered from laterite profile which 
developed during Miocene to early Pleistocene period on 
Mesozoic sediments. Laterisation occurred on a 
landscape similar to  that o f  the present. 
L a n d  use: Extensively cleared for agriculture, except for 
minor areas on shallow leached gravelly sands. Grazing 
o f  annual pastures, occasional cropping. 
25 0 25 50 75 100km 
Distribution of Urina System 
Symbol 
a n d  area 
Soil series Description Percentage Landscape  position Diagram 
symbol 
Ur Nabbeja Loose, grey sand over bleached 
sand over cemented laterite. 
35 Gentle rises A 
19,700 Bluewell Firm to hardsetting, brown 
gravelly clayey sand over laterite. 
25 Low ridges B 
Allanooka Loose to soft, grey over pale brown 
over yellow sand. 
25 Undulating sandplain 
and gentle slopes 
C 
Balline Loose, grey coarse sand over pale 
brown to white coarse sand. 
15 Below breakaways and 
on  lower slopes 
D 
(relative height) 
(m) 
80- 
- 
60 — 
— 
40 — 
— 
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Warreno System 
13,600 ha 0.7% of the survey area 
Moderately dissected terrain with gravelly and rocky 
ridges and short, gently inclined slopes with an 
integrated drainage network forming numerous narrow 
valleys. 
Rainfall: 375 mm. 
P a r e n t  material:  Western edge of Yilgarn Craton. 
Archaean granites have been laterised and eroded to 
leave gravelly soils in upland positions. 
L a n d  use: Significant areas are cleared for annual 
pastures and cropping to cereals. Many vegetation 
remnants survive on rocky and gravelly ridges and along 
drainage lines. 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Wa Indar Hardsetting, reddish brown sandy 
loam grading to clay on granite. 
35 Mid and upper slopes 
and gentle crests 
A 
13,600 Tardun Hardsetting, dark reddish brown 
gritty clayey sand over clay on 
granite. 
30 Upper slopes B 
Matteno Hardsetting, dark brown gravelly 
sandy loam over sandy clay on 
cemented laterite. 
20 Gentle slopes C 
Wipanga Hardsetting yellowish brown 
gravelly sandy loams. 
15 Low ridges D 
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Kt! ffecarra System 
1,600 ha 0.1% o f  the survey area 
Small area o f  moderately dissected sandplain; long 
shallow open depression (drainage line) ending in closed 
swampy area at the eastern edge o f  Tamala System north 
o f  Hutt Lagoon. 
Rainfall: 400 mm. 
Pa ren t  material:  Quaternary colluvium, transported 
from surrounding sandplain weathered from Tertiary 
laterite by  palaeodrainage network. Minor outcrop of 
Silurian sandstone; Tumblagooda Sandstone, siltstone 
and minor conglomerate deposited in fluvatile to shallow 
marine environment. 
L a n d  use: Small area used for agriculture but most 
uncleared. 
WI 
25 0 25 50 75 '100 krn 
Distribution of Wittecarra System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Wi Heaton Loose to firm, dark brown to 
greyish brown sand over reddish 
yellow sandy clay. 
60 Lower slopes A 
1,600 Eurangoa Loose to soft, grey to greyish 
brown sand over yellow clayey 
sand. 
25 Gentle valley slopes B 
Balline Loose, grey coarse sand over pale 
brown to white coarse sand. 
15 Hill and lower slopes C 
(relative height) 
(m) 
60 
40 
20 — 
0 
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Wollya S;'St.SIM 
7,400 ha 0.4% of the survey area 
Eroded and modified laterite surface of undulating 
country east of Tamala System, north of Geraldton. Few 
sandy rises and gravelly ridges. Interrupted centripetal 
drainage network on duplex soils with swamps and soaks 
common. General slope towards coastal limestone units. 
Rainfall: 425 to 450 mm. 
P a r e n t  material:  Pleistocene laterite and overlying 
quartz sand and minor exposures of  early Jurassic marine 
sediments (Chapman Sandstone). Pleistocene laterite 
surface has been eroded and modified to expose gravelly 
ridges and small exposures of marine sediments with 
some sands blown from Tamala System to the west. 
L a n d  use: Extensively cleared for agriculture. Native 
vegetation remains on shallow gravelly soils and swampy 
country. Grazing of  annual pastures and cropping to 
cereals and lupins in small areas. 
25 0 25 50 75 100km 
Distribution of Wollya System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Wo Heaton Loose to firm, dark brown to 
greyish brown sand over reddish 
yellow sandy clay. 
35 Mid to lower slopes A 
7,400 Rennie Soft to hardsetting, brown gravelly 
sandy loam over cemented laterite. 
25 Crests and ridges B 
Bluewell Firm to hardsetting, brown 
gravelly clayey sand over laterite. 
15 Small plateau areas C 
Teakle Loose to soft, yellowish brown 
sand over yellow clayey sand over 
limestone. 
15 Low rises D 
Allanooka Loose to soft, grey over pale brown 
over yellow sand. 
10 Low rises E 
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Yalidbatharra System YJ 
14,600 ha 0.7% o f  the survey area 
Low hills and level to gently undulating plain with 
numerous low breakaways and eroded small pediments 
below larger scarp faces. 
R a i n f a l l  450 to 425 mm. 
P a r e n t  m a t e r i a l :  Mainly Kockatea Shale, a yellow and 
white shale and siltstone containing purple ferruginous 
bands. Sediments were deposited in a marine 
environment caused by marine transgression (advances) 
in early Triassic times. The Kockatea Shale overlies pre- 
Cambrian rocks (granulites), Silurian sandstone 
(Tumblagooda Sandstone which outcrops in places) and 
Permian sediments. Other exposures are younger lower 
Jurassic marine sediments o f  the Chapman group. 
Landscape was formed through erosional cycles during 
Pliocene to  early Pleistocene. 
L a n d  use:  Extensively cleared for grazing o f  annual 
pastures; minor areas sown to cereals. Native vegetation 
remains in rough dissected rocky terrain. 
N 
25 0 25 50 75 100km 
Distribution of Yallabatharra System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Ya unnamed-13 Fine sand to silt over clay. 45 Pediments and lower 
slopes 
A 
14,600 Rennie Soft to hardsetting, brown gravelly 
sandy loam over cemented laterite. 
25 Low rises and ridges B 
Mount Scratch Hardsetting to cracking, reddish 
brown sandy clay loam over 
medium clay. 
15 Gently undulating 
hillslopes 
C 
Matteno Hardsetting, dark brown gravelly 
sandy loam over sandy clay on 
cemented laterite. 
15 Lower slopes D 
(relative he ght) 
(m) 
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Yanda:30a Sys'. 9M 
19,100 ha 0.9% o f  the survey area 
Level to very gently inclined alluvial plain with 
meandering drainage network; low sandy rises and 
alluvial terraces associated with major streams. 
Rainfall: 400 mm. 
P a r e n t  material:  Quaternary alluvium and colluvium 
and Permian sandstone rises. Valley floor in the Irwin 
Sub-basin; a sequence o f  Permian sediments between the 
Urella and Darling Faults. 
L a n d  use: Extensively cleared for annual pastures and 
cereals; lupins on sandy rises. Remnant vegetation in 
poorly drained areas and along drainage lines. 
25 0 25 50 75 100krn 
Distribution of Yandanooka System 
Symbol 
and area 
Soil series Description Percentage Landscape position Diagram 
symbol 
Ynl 
4,100 
Lockier Hardsetting, reddish brown sandy 
loam over sandy clay loam over red 
clay. 
55 Alluvial terraces and 
plains 
A 
Bootenal 
unnamed-13 
Firm, reddish brown loamy sand 
grading to sandy clay loam, 
Fine sand to silt over clay. 
40 
5 
Alluvial levees and 
terraces 
Alluvial terraces 
B 
C 
Yn2 
300 
Campbell Soft to firm, red loamy sand over 
sandstone. 
100 Low rises D 
Yn3 Greenbrook Hardsetting, reddish brown fine 
sandy clay loam over red clay. 
45 River terraces and 
alluvial plains 
E 
8,800 Irwin Dark brown to reddish brown 
cracking clay. 
30 Alluvial plains and 
terraces 
F 
Irwin-1 
unnamed-13 
As Irwin but dark red subsoil, 
hardsetting surface, 
As above. 
20 
5 
River terraces and 
alluvial plains 
River terraces 
G 
C 
Yn4 Greenbrook As above. 65 Alluvial plains E 
5,700 Irwin-1 As above. 25 Alluvial plains G 
Bowes Firm to hardsetting, reddish brown 
sandy loam grading to sandy clay. 
10 River terraces H 
Yn5 Bootenal As above. 75 Alluvial plains B 
200 Lockier As above. 25 Alluvial plains A 
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Yandanooka System 
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The soils in this report are presented at two levels of detail - soil groups and soil series. 
SC1 oroups 
Approximately 50 soil groups have been created to explain, in simple and descriptive terms, the 
main soils which occur in Western Australia. Twenty-eight soil groups have been identified in 
this survey area. 
The soil groups are defined by attributes such as texture and the change in texture with depth, 
colour, presence of stone or ironstone gravels, and alkalinity/acidity. They are used as a way 
of communicating the common soils of the State at the broader level. When further detail is 
required, the soil 'building blocks' - soil series - should be used. The relationship between 
series and groups and their occurrence in mapping units is summarised in Table 9. 
The most common soil group is the Yellow deep sand covering 30% of the survey area, 
followed by Red-brown hardpan soil (13%), and Red loamy earth (12%). The other soil 
groups individually comprise less than 10% of the survey area. 
S711 ,ri,ciels 
A series defines soils with a limited range of morphological, chemical, physical and 
mineralogical properties that can be managed as a single unit for most present and anticipated 
land uses. 
Standardised criteria (Purdie 1995b) were used to identify the soil series. These criteria are 
described in Appendix 4, which also contains the co-ordinates of representative profile sites. 
Forty-eight soil series have been described and are listed in alphabetical order in Table 10 and 
by descending area in Table 11. The series span eight soil orders of the Australian Soil 
Classification (Isbell 1996). Most common are the Tenosols, often called sandplain soils, 
which occupy 52% of the survey area, followed by the Kandosols (29%). The least common 
are the Calcarosols and Sodosols (<1%). Table 12 shows the distribution of soil series across 
soil orders. 
The soil series provides the soils input for management for most broadscale agricultural land 
uses. Specific land uses may require additional data on soil properties and further mapping to 
delineate them. 
Soils that differ from the soil series described in this report but are not extensive enough to be 
established as a new soil series are identified as unnamed soils or a variant of the named soil if 
they differ only in one or two key characteristics. Minor differences that affect land 
management are described as phases of the soil series. The phases may be gravelly, deep, 
shallow, alkaline subsoil, poorly drained etc. Some soils will be significant locally, but not in 
the context of the whole survey area. Full details of the reference and representative profiles 
are held in the Natural Resources Assessment Group's soils database and can be obtained on 
application to the group. 
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Tabre 9. Soil groups, soil series and proportion of  soils series in map units. 
SC A., GROUPS S O I L  SERIES 
Name Description Name Description Mapp ing  uni t  and 
( / 0  occurrence o f  series) 
STONY SOILS 
Stony soil Stony throughout Udandarra Hardsetting, shallow 
greyish brown stony 
sand 
Ogl  (5), 0 g 2  (100) 
GRAVELLY SOILS 
Moderately 
deep sandy 
gravel 
Ironstone gravel soil 
less than 30 cm deep 
over cemented gavel 
(duricrust) 
Bluewell Firm to hardsetting, 
brown gravelly clayey 
sand over laterite 
Ba  (10), Mb4 (5), 
M h  (15), Mj (30), 
Ogl  (45), U r  (25), 
W o  (15) 
Loamy 
gravel 
Loamy ironstone 
gravel soil 
Matteno 
Rennie 
Wipanga 
Hardsetting, dark brown 
gravelly sandy loam over 
sandy clay on cemented 
laterite 
Soft to hardsetting, 
brown gravelly sandy 
loam over cemented 
laterite 
Hardsetting, yellowish 
brown gravelly sandy 
loam 
In l  (25), In2 (60), 
W a  (20), Ya (15) 
Ca  (5), Dg (15), 
D u l  (20), M a  (15), 
M o l  (35), O g l  (45), 
W o  (25), Y a  (25) 
m l  (75), In2 (10), 
Ms l  (5), W a  (15) 
SANDY SURFACED SOILS 
Sandy throughout 
Calcareous 
shallow 
sand 
Calcareous sand less 
than 80 cm deep over 
rock or  hardpan 
Bookara Loose, dark brown 
calcareous sand over 
limestone 
Dg (5), Sw2 (5), 
Qu3 (15), Ta l  (75), 
Ta2 (75), Ta5 (90) 
Calcareous 
deep sand 
Calcareous sand more 
than 80 cm deep 
Quindalup 
Southgate 
Loose grey over pale 
brown calcareous sand 
Loose, greyish white to 
white calcareous sand 
Q u l  (65), Qu2 (75), 
Qu3 (75), Sw3 (65), 
Ta l  (25) 
Qul  (35), Qu2 (25), 
Qu3 (10) 
Pale 
shallow 
sand 
White, grey or pale 
yellow sand less than 
80 cm deep over rock 
or  hardpan 
Nabbeja Loose, grey sand over 
bleached sand over 
cemented laterite gravel 
Ca (5), M a  (5) Mb4 (5), 
M o l  (25), Ur  (35) 
Pale deep 
sand 
White, grey or pale 
yellow sand greater 
than 80 cm deep 
Allanooka 
Balline 
Casuarina 
Loose to soft, grey over 
pale brown over yellow 
sand 
Loose, grey coarse sand 
over pale brown to white 
coarse sand 
Loose to soft, grey to 
pale brown sand over 
sandy gravel 
Bi3 (55), Bi4 (15), 
M a  (30), Mb4 (25), 
M h  (45), Mj (25), 
Mr2 (75), U r  (25), 
W o  (10) 
Al (15), Ba  (65), 
M h  (5), Mj (10), Mo2 (2), 
Mnl (75), Mr2 (25), 
Ur(15), Wi (15) 
Ca  (80), En l (5) 
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SOIL  GROUPS SOIL  SERIES 
Name Description Name Description Mapping  unit  and 
( %  occurrence o f  series) 
Sandy throughout (cont...) 
Red shallow 
sand 
Red sand less than 80 
cm deep over rock or 
hardpan 
Campbell Soft to firm, red loamy 
sand over sandstone 
Yn2 (100) 
Grima Firm to hardsetting, 
reddish brown stony 
clayey sand on granite 
Fe (40), M w l  (25), 
Mw2 (45), Pe l  (35), 
Pe2 (35), Pi 1 (10), 
Pi2 (25) 
Red deep 
sand 
Red sand more than 
80 cm deep 
Menai Loose to firm, red to 
reddish brown sand 
over limestone at 
variable depth 
Ta2 (25), Ta5 (10), 
Ta6 (100) 
Yellow deep 
sand 
Yellow sand more 
than 80 c m  deep 
Eradu Loose to  soft, yellowish 
brown loamy sand over 
brownish yellow clayey 
sand. 
Bi l  (25), Bi2 (15), 
Bi4 (2), Ca  (10), D g  (25), 
Er 1 (95), Er2 (70), 
Mh (5), Mn2 (65) 
Eurangoa Loose to soft, grey to 
greyish brown sand over 
yellow clayey sand 
Ba  (25), B i l  (45), 
Bi2 (60), Bi3 (45), 
Bi4 (25), Da6 (15), 
Mb (25), M o l  (20), 
Mo2 (8), Wi (25) 
Indarra Loose, yellowish brown 
sand grading to 
brownish yellow sand 
Bi l  (30), Bi2 (20), 
Bi4 (55), Bn  (15), 
Er2 (25) 
Pindar Soft to firm, dark 
yellowish brown acidic 
clayey sand 
Pi l  (75), Pi2 (15), 
Pi4 (100) 
Teakle Loose to soft, yellowish 
brown sand over yellow 
clayey sand over 
limestone 
D g  (55), Ta3 (100), 
Ta4 (100), W o  (15) 
Sands with a gradual increase in texture with depth 
Red sandy 
earth 
Red sand grading to 
loam by 80 cm 
Bootenal Firm, reddish brown 
loamy sand grading to 
sandy clay loam 
B d  (100), D a l  (30), 
Da5 (55), Ga l  (15), 
Ga2 (75), Ge2 (55), 
Ge5 (15), Ir2 (45), 
Ir3 (30), Mb4 (65), 
Mn2 (35), Mo3 (65), 
No2 (55), Y n l  (40), 
Yn5 (75) 
Yellow sandy 
earth 
Yellow sand grading 
to loam by 80 cm 
Ajana Firm, yellowish brown 
gritty gradational clayey 
sand 
Aj (8) 
Kelly 
Tabletop 
Firm yellowish brown 
clayey sand over 
gravelly light sandy clay 
loam 
M w l  (15), Mw2 (15), 
Pe2 (15), P i l  (15), 
Pi2 (55) 
Loose, dark grey sand 
grading to yellow sandy 
clay loam at depth 
M a  (35) 
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SOIL GROUPS SOIL SERIES 
Name Description Name Description Mapping unit and 
( %  occurrence of 
series) 
Sands over clays (duplex soils) 
Grey shallow 
sandy duplex 
Grey to brown sand 
less than 30 c m  deep 
over non-alkaline 
clay 
Moresby Soft to hardsetting, yellowish 
brown to greyish brown 
clayey sand over mottled 
sandy clay 
Ge4 (45), Ir2 (40), 
M n l  (20), Mo2 (90), 
O g l  (5) 
Grey deep 
sandy duplex 
Grey to brown sand 
30-80 c m  deep over 
non-alkaline clay 
Heaton Loose to firm, greyish brown 
sand over reddish yellow 
sandy clay 
Al (85), Bi2 (5), 
Bi4 (3), Da6  (65), 
Er2 (5), M a  (15), 
M h  (5), M j  (35), 
M o l  (5), Wi  (60), 
Wo (35) 
Red shallow 
sandy duplex 
Red sand less than 
30 c m  deep over clay 
Northern Gully 
Tardun 
Hardsetting, gritty loamy 
sand over clay o n  granite 
Hardsetting, dark reddish 
brown gritty clayey sand over 
clay o n  granite 
S u l  (45), Su2 (85) 
P e l  (30), Pe2 (35), 
W a  (30) 
Red deep 
sandy duplex 
Red sand 30-80 cm 
deep over clay 
Mullingarra Hardsetting, dark reddish 
brown gritty clayey sand 
grading to clay o n  gneiss 
M g '  (100) 
LOAMY SURFACED SOILS 
Loamy throughout, or  with a gradual increase in texture with depth 
Calcareous 
loamy earth 
Calcareous loam 
(may grade to 
calcareous clay at 
depth) 
Butterabby Hardsetting, reddish brown 
sandy loam over alkaline clay 
Bo (35), Da3 (85), 
Mu2 (35), Ng5 (85) 
Red loamy 
earth 
Red  loam more than 
50 c m  deep (may be 
clayey at depth, 
and/or have a red- 
brown hardpan below 
50 cm) 
Bowes 
Canna 
Greywacke 
Indar 
Kojarena 
Loader 
Firm to hardsetting, reddish 
brown sandy loam grading to 
clay at depth 
Hardsetting, reddish brown 
sandy loam grading to red 
clay loam on  granite 
Hardsetting, reddish brown 
gravelly sandy loam over 
sandy clay 
Hardsetting, reddish brown 
sandy loam grading to clay 
o n  granite 
Hardsetting, red-brown gritty 
sandy loam over clay on 
granite 
Hardsetting, reddish brown 
sandy loam over sandy clay 
loam over red clay 
Aj (2), Cs (10), 
Ga2 (20), G e l  (40), 
Ge2 (45), Ge4 (45), 
Ge5 (85), In (25), 
Ir3 (40), Mb3 (10), 
Mo3 (35), No2 (45), 
Yn4 (10) 
M w  1 (40), Ng4 (25), 
Pe2 (15) 
M s l  (85) 
C o l  (25), In3 (20), 
M u l  (15), P e l  (20), 
W a  (35) 
N o l  (15), Su l  (45) 
Y n l  (55), Yn5 (25) 
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SOIL GROUPS SOIL SERIES 
Name Description Name Description Mapping unit and 
(% occurrence o f  series) 
Red loamy 
earth 
Morawa Hardsetting, red sandy 
loam grading to clay 
loam over red-brown 
hardpan 
Bo (55), Da4 (80), 
Da6 (20), In2 (30), 
In3 (80), Ko2 (60), 
Mw 1 (20), Na2 (45), 
Ng2 (85), Ng5 (15) 
Red shallow 
loam 
Red loam less than 
50 cm deep over 
rock or hardpan 
Fegan Hardsetting, reddish 
brown sandy loam over 
sandy clay loam on 
granite 
Fe (45), M u l  (25), 
Mu2 (45) 
Loamy throughout, or  with gradual increase in texture with depth a n d  underlain by red-brown hardpan 
Red-brown 
hardpan 
loam 
Red loam less than 
50 cm deep over 
red-brown hardpan 
Mindage Hardsetting, reddish 
brown sandy loam over 
sandy clay loam with 
red-brown hardpan at 
moderate depth 
Co l  (30), Cs (55), 
D a l  (70), Da2 (75), 
Da3 (15), Da4 (20), 
Da5 (45), Fe (15), 
Ge3 (100), Ko2 (30), 
M u l  (60), Mu2 (20), 
Mw2 (25), Na2 (55), Ngl 
(90), Ng2 (15), Ng3 (10), 
Ng4 (75), Pe l  (15), Pi2 (5), 
Sd2 (40), Th  (65) 
Wilroy Hardsetting, red clayey 
sand over light sandy 
clay loam with red- 
brown hardpan at 
shallow to moderate 
depth 
Co l  (35), Da2 (25), 
Ko2 (10), N a l  (45), 
N g l  (10), Ng3 (90), 
Sd2 (30) 
Loams over clays (duplex soils) 
Alkaline red 
shallow 
loamy duplex 
Red loam less than 
30 cm deep over 
alkaline clay 
Greenbrook Hardsetting reddish 
brown fine sandy clay 
loam over red clay 
Mb2 (85), Nt4 (25), 
Yn3 (45), Yn4 (65) 
Red shallow 
loamy duplex 
Red loam more than 
50 cm deep (may be 
clayey at depth, 
and/or have a red- 
brown hardpan 
below 50 cm) 
Mount Scratch Hardsetting to 
cracking, reddish 
brown sandy clay loam 
over medium clay 
Dul  (80), Du2 (100), Ms3 
(60), M s l  (10), 
Ms2 (100), Ya (15) 
Northampton Hardsetting, red-brown 
stony sandy loam over 
sandy clay loam on 
granulite 
Aj (90), N o l  (75) 
CLAYEY TEXTURES THROUGHOUT 
Grey non- 
cracking clay 
Grey non-cracking 
clay 
Gnoolowa Eroded, hardsetting 
greyish brown clay 
Ir3 (30), N t l  (80) 
Hard 
cracking clay 
Cracking clay 
without a self- 
mulching surface 
Greenough 
Irwin 
Hardsetting to 
cracking, grey 
gradational silty clay 
Dark brown to reddish 
brown cracking clay 
Ga l  (85), Ga2 (5), 
Ga3 (25), Ge4 (10), 
Ir2 (15) 
Mb3 (90), Nt2 (100), 
Nt4 (75), Yn3 (50), 
Yn4 (25) 
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SOIL GROUPS SOIL SERIES 
Name Description Name Description Mapping unit and 
CY0 occurrence of  series 
Self- 
mulching 
cracking clay 
Cracking clay with a 
self-mulching 
surface 
Fraser 
Koolanooka 
Self-mulching, grey 
cracking clay 
Gilgai surface, dark 
reddish brown to grey 
light clay grading to 
alkaline, structured 
medium to heavy clay 
Ga3 (75), In (75) 
Co2 (100), Mw2 (15), 
Th (15) 
Water erosion can occur on any soil, although medium textured soils containing 10 to 35% 
clay are some o f  the most susceptible, particularly on unprotected slopes. 
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(37 
G5 G6 
G1 Eradu Soil Series is the most common and occupies more than 10% o f  the 
survey area. Similar sandy soils with slightly different colours and properties 
include Eurangoa, Allanooka, Indarra and Pindar (page 119). 
G2 Mindage Soil Series occupies more than 200,000 ha and is a reddish brown 
sandy loam grading to a sandy clay loam over a red-brown hardpan (page 138). 
G3 Northampton Soil Series is a red-brown sandy loam with a hardsetting 
surface (page 144). 
G4 Casuarina Soil Series is a loose sand over sandy gravel (page 118). 
G5 Grima Soil Series is a shallow soil over granite (page 127). 
G6 Irwin Soil Series is a dark brown cracking clay found near the Irwin and 
Lockier Rivers (page 131). 
0 7  Kelly Soil Series occurs to the east o f  the survey area and contains 
increasing gravels with depth (page 132). 
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G13 G14 
G8 Morawa Soil Series is a red loam over red-brown hardpan. (page 139). 
G9 Northern Gully Soil Series is well regarded f o r  cropping, as  is Tardun which is similar (page 145). 
G10 Balline Soil Series is a loose grey coarse sand (page 110). 
G i l  Eradu System occupies large areas o f  inland sandplain country and contains a f e w  fresh water soaks (page 46). 
G12 The Irwin River is one o f  the major drainage systems in the survey area. 
G13 Sugarloaf System comprises undulating country with rock outcrop on  hillcrests and rises (page 81). 
G14 Nangetty System north o f  Mingenew has undulating rises and low hills with isolated mesas and  scarp faces  (page 72). 
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T a b l e  10.  M a i n  soi l  s e r i e s  i n  a l p h a b e t i c a l  order 
s h o w i n g  a r e a  a n d  p e r c e n t a g e  o f  survey. 
T a b l e  11. M a i n  soi l  s e r i e s  b y  d e s c e n d i n g  area 
a n d  p e r c e n t a g e  o f  survey. 
Soil series Area  (ha) Soil series Area % 
Ajana 2,248 0.11 Eradu 223,800 10.85 
Allanooka 96,615 4.68 Mindage 215,770 10.46 
Balline 40,346 1.96 Eurangoa 181,544 8.80 
Bluewell 45,105 2.19 Allanooka 96,615 4.68 
Bookara 29,675 1.44 Indarra 94,795 4.60 
Bootenal 42,300 2.05 Northampton 85,440 4.14 
Bowes 26,167 1.27 Casuarina 82,820 4.01 
Butterabby 13,270 0.64 Grima 74,705 3.62 
Campbell 300 0.01 Wilroy 70,060 3.40 
Canna 15,070 0.73 Teakle 67,265 3.26 
Casuarina 82,820 4.01 Morawa 63,690 3.09 
Eradu 223,800 10.85 Kelly 63,430 3.07 
Eurangoa 181,544 8.80 Bluewell 45,105 2.19 
Fegan 19,110 0.93 Bootenal 42,300 2.05 
Fraser 4,500 0.22 Pindar 41,440 2.01 
Gnoolowa 3,800 0.18 Balline 40,346 1.96 
Greenbrook 11,285 0.55 Northern Gully 37,615 1.82 
Greenough 4,580 0.22 Heaton 37,379 1.81 
Greywacke 2,295 0.11 Tardun 34,810 1.69 
Grima 74,705 3.62 Bookara 29,675 1.44 
Heaton 37,379 1.81 Irwin 28,350 1.37 
Indar 26,725 1.30 Indar 26,725 1.30 
Indarra 94,795 4.60 Rennie 26,460 1.28 
Irwin 28,350 1.37 Bowes 26,167 1.27 
Kelly 63,430 3.07 Kojarena 25,845 1.25 
Kojarena 25,845 1.25 Moresby 21,340 1.03 
Koolanooka 2,645 0.13 Quindalup 21,225 1.03 
Lockier 2,305 0.11 Fegan 19,110 0.93 
Matteno 12,855 0.62 Wipanga 17,920 0.87 
Menai 4,125 0.20 M t  Scratch 15,680 0.76 
M indage 215,770 10.46 Canna 15,070 0.73 
Morawa 63,690 3.09 Nabbeja 14,640 0.71 
Moresby 21,340 1.03 Butterabby 13,270 0.64 
M t  Scratch 15,680 0.76 Matteno 12,855 0.62 
Mullingarra 4,100 0.20 Greenbrook 11,285 0.55 
Nabbeja 14,640 0.71 Southgate 7,065 0.34 
Northampton 85,440 4.14 Greenough 4,580 0.22 
Northern Gully 37,615 1.82 Fraser 4,500 0.22 
Pindar 41,440 2.01 Tabletop 4,340 0.21 
Quindalup 21,225 1.03 Menai 4,125 0.20 
Rennie 26,460 1.28 Mullingarra 4,100 0.20 
Southgate 7,065 0.34 Gnoolowa 3,800 0.18 
Tabletop 4,340 0.21 Koolanooka 2,645 0.13 
Tardun 34,810 1.69 Udandarra 2,560 0.12 
Teakle 67,265 3.26 Lockier 2,305 0.11 
Udandarra 2,560 0.12 Greyvvacke 2,295 0.11 
Wilroy 70,060 3.40 Ajana 2,248 0.11 
Wipanga 17,920 0.87 Campbell 300 0.01 
River bed 2,435 0.12 River bed 2,435 0.12 
Rock 10,670 0.52 Rock 10,670 0.52 
Unnamed soils 80,800 3.91 Unnamed soils 80,800 3.91 
Total 2,063,300 100.00 2,063,000 100.00 
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Sail series descr i y  O a r  within the A i r j  n Soil 
Classification 
Vertosols 
Clay soils with shrink-swell properties that exhibit strong cracking when dry. 
Fraser is a self-mulching grey clay found on lower alluvial plains o f  the Greenough and Irwin 
Rivers; Greenough, a coarse structured silty clay; and Irwin a hardsetting to cracking, red 
alluvial clay are on alluvial plains o f  the Irwin and Lockier Rivers. All soils are quite fertile 
with moderate to high water-holding capacity. The surface structure may decline under 
continuous cropping. 
Koolanooka has coarse surface structure, high clay content and possible rounded stones in the 
profile. It is found east o f  the Darling Fault in lower landscape positions and is sometimes 
described as `crabhole' soil due to slumping o f  sections o f  the depressions as gilgai microrelief. 
This soil is workable over a narrow soil moisture range and is the most prone to surface 
structural decline. 
Sodosois 
Strong texture contrast between surface and subsoil, and subsoils that are sodic 
(ESP >6) but not strongly acidic (pH >5.5). 
Greenbrook is an alluvial soil o f  the Irwin and Lockier Rivers and is a hardsetting, reddish 
brown sandy clay loam over a structured red, neutral to alkaline clay. A variant o f  Greenbrook 
is subplastic and fits into the Chromosol order. 
Moresby occurs on gentle footslopes o f  mesas, mainly in the Chapman Valley. It has a 
shallow to moderately deep sandy topsoil over an infertile, structureless clay subsoil. The soil 
is prone to erosion from run-off from the mesas and the topsoil is often saturated where depth 
to clay is shallow. It occurs west o f  the Darling Fault in Perth Basin sediments. 
C h . t ,  
_ 
hILSCOS 
Strong texture contrast between surface and subsoil. Subsoils are not strongly acid 
(pH >5.5) and are non-sodic (ESP <6). 
Northern Gully occurs on the Northampton Block as a hardsetting, gritty loamy sand over an 
alkaline clay on granite. Mullingarra is similar but over gneiss on the Mullingarra Inlier. 
Heaton (sand over clay) occurs in gently undulating landscapes o f  dissected sandplain west of 
the Darling Fault in the Perth Basin. 
Matteno is found on remnants o f  dissected lateritic surfaces in higher positions in the 
landscape on the Yilgarn Craton and is characterised by  hardsetting, dark brown gravelly sandy 
loam over sandy clay on laterite. A small area occurs in the Yallabatharra System south-east of 
Port Gregory. 
Northampton is found in the Northampton and Ajana Systems and is a hardsetting, red-brown 
stony sandy loam over sandy clay loam formed in situ on granulite o f  the Northampton Block. 
The landscape is gently undulating with low hills and rock outcrop in places. 
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Tardun occurs east of the Darling Fault in upper slope positions and is characterised by 
reddish brown gritty sand to sandy loam over grey clay at moderate depth with granite rock 
usually within 1.2 m. 
Calcareous throughout the profile. 
Butterabby occurs on a relic alluvial plain (south-west of Mullewa) and while surface textures 
are only sandy clay loam to clay loam, areas of gilgai microrelief occur. This soil contains 
significant levels of salt in the profile. 
Dermosols 
Structured subsoil and lacking a strong clay increase between surface and subsoil. 
Mount Scratch is a hardsetting to cracking, reddish brown sandy clay loam over alkaline light 
to medium clay on sedimentary rocks in a landscape of gently undulating plains to low hills. 
Surface and profile rock is common. 
Gnoolowa occurs in the Nangetty System at the base of scarps and as gentle rises. It is an 
eroded, hardsetting, greyish brown clay. Greenough is a coarse-structured silty clay on the 
alluvial plains of the Irwin and Lockier Rivers 
Lockier is found mainly in the Yandanooka System on alluvial plains and gentle slopes and is a 
gradational soil of hardsetting, reddish brown sandy loam over sandy clay loam over red clay. 
::6;1dDSOiS 
No contrast between surface and subsoil clay, massive or only weak subsoil structure 
and not calcareous throughout. Subsoil texture heavier than sandy loam (15% clay). 
Twelve soil series occur in a wide variety of landscape positions in the Perth Basin and on the 
Yilgarn Craton (both sides of the Darling Fault). From higher to lower in the landscape: 
Ajana occurs as isolated weakly dissected sandplain surfaces in the Ajana System south of 
Galena, and is characterised by firm, yellowish brown gritty gradational clayey sand. 
Tabletop is a loose, dark grey sand grading to yellow sandy clay loam at depth, found on 
gentle slopes of undulating sandplain of the Mount Adams System, south-east of Irwin. 
Northampton, Bowes and Bootenal form a catena in valleys of coastal river systems and are 
considered some of the more fertile soils of the region. Bowes is a reddish brown to red soil 
found on alluvial plains and lower slopes of river systems west of the Darling Fault. It is a 
fertile, often deep soil that is moderately well to well drained. Bootenal, the lowest member, 
occurs on alluvial terraces and flats in a number of Systems and is a moderately fertile, well 
drained soil characterised by firm, reddish brown loamy sand grading to sandy clay loam with 
depth. Northampton is a Chromosol and occurs on gently undulating low hills. 
Greywacke is separate from the preceding series and is formed in situ in sediments on 
undulating low hills of sediments in the Mt Scratch-1 Subsystem east of Yandanooka. It is a 
hardsetting, shallow to moderately deep, reddish brown gravelly sandy loam over sandy clay. 
103 
GERALDTON REGION LAND RESOURCES SURVEY 
Kojarena is a hardsetting, red-brown gritty sandy loam over a neutral clay on granite and/or 
granulite in an undulating landscape with granite outcrop common. To the east o f  the Darling 
Fault on the the Yilgarn Craton Wipanga is a lateritic soil characterised by hardsetting, 
yellowish brown gravelly sandy loam in Warreno and Indar Systems. It occurs on gentle 
slopes and has shallow phases on low ridges and hillcrests. 
Fegan and Indar occur in mid to upper slope positions in the gently undulating landscapes of 
broad valleys on the Yilgarn Craton. Fegan is a hardsetting, reddish brown sandy loam over 
sandy clay loam on granite in the Mullewa and Fegan Systems on mid to upper slopes. Indar, a 
hardsetting, reddish brown sandy loam grading to clay over granite, occurs on hillcrests and 
upper slopes in more undulating terrain with some low granite outcrop. 
Several soils on the Yilgarn Craton have red-brown hardpan at depth. Mindage is widespread 
and characterised by hardsetting, reddish brown sandy loam over sandy clay loam with a red- 
brown hardpan at moderate depth. It occurs on many systems as level plains and lower slopes 
through to mid and upper positions o f  gentle slopes in more undulating terrain. The series has 
been included in Dartmoor System (in the Perth Basin) where the soil is found in paleo- 
drainage (relic) networks often underlain by calcrete, dissecting gently undulating sandplain. 
Morawa, a hardsetting, red sandy loam grading to clay loam over a red-brown hardpan, 
occurs on level plains and very gently inclined slopes o f  broad mature valleys. Phases o f  this 
series contain much manganese gravel and subsoil textures to medium clay associated with 
salmon gum (Eucalyptus salmonophloia). Wilroy is a hardsetting, red clayey sand over light 
sandy clay loam with red-brown hardpan at shallow to moderate depth. The series is found on 
level plains and gently inclined lower slopes o f  broad mature valleys chiefly in the Noolagabbi 
System and around the margins o f  the broad saline drainage lines. 
Rulosols 
ShEflow and/or rocky or deeper uniform soils with little or no horizon development. 
There are no distinct organic layers and subsoils have no colour or structure 
development. 
Three soils occur in the Perth Basin: one siliceous sand and two calcareous sands. They are all 
very infertile, have very low moisture-holding capacity, are prone to wind erosion and 
unsuitable for cropping. Minor areas o f  unnamed soils occur throughout the study area and 
are classified as Rudosols primarily due to their shallow rocky nature. 
Balline occurs as flat to gently undulating sandplain north-east o f  Port Gregory and as spillway 
sands below low lateritic scarps. The series is characterised by loose, grey coarse sand over 
pale brown to white coarse sand. It is notable by the coarse sand size fraction which differs 
from other sandplain soils. 
Quindalup and Southgate are both calcareous dune sands found in the Quindalup System. 
Southgate is loose, greyish white calcareous, found in mobile dune systems while Quindalup 
has a weak accumulation o f  organic matter in the A horizon and is a loose, grey over pale 
brown calcareous sand found on the older dune systems. 
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71.1noiols 
More developed profiles than Rudosols, subsoil clay generally less than 15%. 
This order contains 17 soil series and is characterised by sandy, well drained soils, some of 
which are important agriculturally. Several are found in the Perth Basin on level to gently 
undulating sandplain. Allanooka is characterised by loose to soft, grey over pale brown over 
pale yellow sand, on long gentle slopes of undulating sandplain. Eurangoa is similar in 
position, however subsoils contain more clay resulting in better water-holding capacity. They 
are characterised by loose to soft, grey to greyish brown sand over yellow clayey sand. 
Bookara, is a loose dark brown calcareous sand over limestone. Deeper deposits of Bookara 
away from the coast show evidence of pedogenic carbonate (e.g. north-east of Port Gregory). 
Eradu is the most extensive and fertile of the sandplain soils mainly due to the relatively 
shallow (<30 cm) depth to clayey sand which affords better moisture and nutrient retention. 
This soil is characterised by loose to soft, yellowish brown loamy sand over brownish yellow 
clayey sand in a landscape of gently undulating sandplain. Casuarina, a loose to soft, grey to 
pale brown sand over sandy gravel, often forms a complex with Eradu and is notable by the 
lateritic gravel and grey colour in the subsoil. Indarra is a loose, yellowish brown grading to 
brownish yellow sand on the eastern margins of the sandplain in the Perth Basin and is the 
poorest of the yellow sands. These soils are often well sorted (uniform distribution of medium 
sand fraction), form dune systems, and are very prone to wind erosion. 
Bluewell comprises soft to hardsetting, brown gravelly clayey sand over laterite. The soil is 
shallow and found on low crests and ridges in undulating to weakly dissected sandplain. 
Campbell occurs on low sandstone rises in the Yandanooka System and is characterised by 
soft to firm, red loamy sand over sandstone. The soil is distinctive due to its position in a 
predominantly flat system. Lupins are often grown on it. 
Udandarra occurs below the weathered sandplain of  the Ogilvie System and is characterised 
by hardsetting, shallow greyish brown stony sand. 
Nabbeja is a loose, grey sand over bleached sand over cemented laterite gravel on the 
dissected margins of lateritic sandplain. 
Menai and Teakle occur as a catena in conjunction with Bookara in the Tamala System. All 
three occur on coastal limestone. Bookara-1 is closest to the coast followed by Menai in a 
thin band behind the western margin of the system and Teakle to the east on more extensive 
undulating sandplain. Menai is characterised by loose to firm, red to reddish brown sand over 
limestone at variable depth. Teakle is yellowish brown sand over yellow clayey sand over 
limestone and is generally poorer than the lateritic sandplains. There are minor occurrences of 
'fluffy' calcareous soils (variants of Butterabby) in Bowgarder System and minor areas of 
rocky calcareous gradational barns in the Mullewa-2 Subsystem and miscellaneous gradational 
calcareous sandy barns in Mount Scratch-3 Subsystem. These soils are placed in Tenosols 
rather than Calcarosols because the carbonate is derived from fragmentations of the underlying 
limestone rather than being pedogenic. 
Rennie is a soft to hardsetting, gravelly brown sandy loam to sandy clay loam over cemented 
laterite on hillcrests and ridges in dissected sandplain, and the gently undulating mesa surfaces. 
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Four series occur on the Yilgarn Craton west o f  the Darling Fault. Two are remnants of 
sandplain surfaces and and the others are colluvial material on granite. Pindar, a soft to firm, 
dark yellowish brown acidic clayey sand, is found on long gentle slopes o f  broad valleys mainly 
in the Pindar System. Associated with Pindar is Kelly, which occurs in similar landscape 
positions and characterised by firm, yellowish brown clayey sand over gravelly light sandy clay 
loam. Subsoils in both series can be acidic and are known as acid wodjil soils. Grima is found 
on upper slopes and crests and characterised by firm to hardsetting, reddish brown stony clayey 
sand on granite while Canna is a hardsetting, reddish brown sandy loam grading to red clay 
loam on granite found in the Morawa, Noolagabbi and Peterwangy Systems. 
Table 12. Proportions of  the soil orders in the survey area and constituent soil series. 
Order* % o f  survey Soil series 
Vertosols 1.72 Fraser, Greenough, Irwin, Koolanooka 
Sodosols 1.58 Greenbrook, Moresby 
Chromosols 10.25 Heaton, Matteno, Mullingarra, Northampton, Northern Gully, 
Tardun 
Calcarosols 0.64 Butterabby 
Dermosols 1.27 Gnoolowa, Lockier, Mount Scratch 
Kandosols 25.01 Ajana, Bootenal, Bowes, Fegan, Greywacke, Indar, Kojarena, 
Mindage, Morawa, Tabletop, Wipanga, Wilroy 
Rudosols 3.33 Balline, Quindalup, Southgate 
Tenosols 51.58 Allanooka, Bluewell, Bookara, Campbell, Canna, Casuarina, 
Eradu, Eurangoa, Grima, Indarra, Kelly, Menai, Nabbeja, 
Pindar, Rennie, Teakle, Udandarra 
Miscellaneous 4.58 Unnamed soils, rock, river bed 
* Soil orders are listed in the order in which they key out in the Australian Soil Classification (Isbell 1996). 
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Key to soil profile symbols 
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While a basic texture such as loam 
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A j E  S n #  _IPS 
Firm, yellowish brown gritty gradational clayey sand 
Area:  2,200 ha (0.1%) in survey 
Landform:  Gently undulating terrain with few quartz rock fragments 
Vegetation: Acacia scrub with Melaleuca thicket 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range of  properties) 
Surface Firm to hardsetting. 
A l l  Dark yellowish brown (10YR 4/4) loamy 
medium to coarse sand; massive; sandy 
fabric; acid (pH 5.5). 
A l 2  Strong brown (7.5YR 4/6) clayey 
medium to coarse sand; massive; sandy 
fabric; acid (pH 5.5). 
YeVow sandy earth 
Mesotrophic Brown Kandosol 
Earthy Sand 
Uc5.22, Gn2.22 
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80 
sandy clay loam; massive; earthy fabric; 
weakly acid to neutral (pH 6.0-7.0). / / / / /  ////// 
/ / / / /  . / . / . / / /  100 
B2w 
/ / / / /  ///// 
Representative profile GTN0475 / / / / /  / / m  z 120 
Soil properties 
Drainage Well drained. 
Nutrient availability Low, due to low clay content; moderate nutrient retention. 
Rooting conditions Good; effective rooting depth 150 cm. 
Water storage Moderately low; high coarse sand and low clay content. 
Workability Good; workable over a wide moisture range. 
Degradation risks 
Salinity Low. 
Subsoil compaction Moderate; traffic pan may develop in A l 2  horizon. 
Surface structure decline Moderate; surface condition prone to hardsetting. 
Water erosion Low. 
Water repellence Low. 
Wind erosion High. 
Land management 
Maintain plant cover over summer months; direct drill when cropping. 
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Allanooka Soil Series Pale deep sand 
Loose to soft, grey over pale brown over yellow sand 
Area: 96,600 ha (4.7%) in survey 
Landform: Long gentle slopes of dissected sandplain 
Vegetation: Scrub heath on lateritic sandplain; common plants include Acacia rostellifera, Allocasuarina 
campestris, Dryandra ashbyi 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace etal. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Loose to soft. 
Al Very dark grey to dark greyish brown 
(10YR 3/4, 4/2) loamy medium to coarse 
sand; loose single grained; sandy fabric; 
weakly acid (pH 6.0-6.5). 
A2e/A3 Pale brown to greyish brown (10YR 6/3, 
5/2) medium to coarse sand; loose; 
single grained; sandy fabric; weakly acid 
(pH 6.0-6.5). 
B2w Pale yellow to yellow (2,5Y 7/4, 10YR 
7/6 7/8) medium to coarse sand; very 
weak; single grained; sandy fabric; 
weakly acid to neutral (pH 6.5-7.0). 
Representative profile GTN0282 
Arenic Bleached-Orthic Tenosol 
Siliceous Sand 
Uc2.21,Uc4.21 
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Soil properties 
Drainage Rapidly drained. 
Nutrient availability Low, due to low clay content. Low nutrient retention. 
Rooting conditions Good; effective rooting depth 200+ cm. 
Water storage Low, due to high coarse sand and very low clay content. 
Workability Good; workable over wide moisture range. 
Degradation risks 
Salinity Low. 
Subsoil compaction Moderate; traffic pan may occur in A2 and upper B horizons. 
Surface structure decline Low; wind erosion may increase with reduced organic matter. 
Water erosion Low, due to high infiltration rates. 
Water repellence High. 
Wind erosion High, due to loose sandy surface. 
• • • 
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Land management 
Maintain adequate surface cover to prevent wind erosion. Maintain organic matter to improve soil structure. 
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P. _.".'ne Soil Ser!.sq Pale deep sand 
Loose, grey coarse sand over pale brown to white coarse sand 
Area:  40,300 ha  (2.0%) in survey 
Landform:  Level to  very gently undulating sandplain, dissected in places 
Vegetation: Low sandplain scrub heath containing a rich shrub association o f  Acacia, Banksia, Calothamnus, 
Grevillea and Nuytsia spp. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace etal.  1968) 
Principal Profile Form (Northcote 1979) 
Description (range of  properties) 
Surface Loose. 
A l  Very dark grey to grey (10YR 3/1, 5/1) coarse 
sand; loose, single grained; sandy fabric; acid 
to weakly acid (pH 5.5-6.5). 
A2e Light grey to greyish brown (10YR 7/2, 2.5Y 
5/2) coarse sand; loose, single grained; sandy 
fabric; weakly acid (pH 6.0-6.5). 
A3 Very pale brown to pale brown (10YR 7/4, 
2.5Y 7/4) coarse sand; very weak, single 
grained; sandy fabric; neutral to weakly acid 
(pH 6.0-7.0). 
Basic (Orthic) Arenic Rudosol 
Siliceous Sands 
Uc2.23, Uc1.21 
Al 
A2e 
A3 
Deep subsoils may grade to pale yellow coarse sand (Allanooka Soil 
Series). A2 horizon may extend to deep subsoil. Coarse sands may tend to gritty sands. 
Representative profiles GTN0767, GTN1404 (see Appendix 4) 
Soil properties 
Drainage Rapidly drained. 
Nutrient availability Low to very low; very low nutrient retention. 
Rooting conditions Good; effective rooting depth 200+ cm. 
Water storage Low due to coarse sand, low organic matter and clay content. 
Workability Good; workable over a wide range o f  moisture. 
Degradation risks 
Salinity Low. 
Subsoil compaction Low; traffic pan not evident. 
Surface structure decline Low; loss o f  cover and organic matter can lead to loose erodible surface. 
Water erosion Low, due to high infiltration rates. 
Water repellence High; more severe under native vegetation. 
Wind erosion Moderate. 
Land  management 
Soil is best left uncleared due to very low fertility and water-holding capacity. Leaching losses are high. 
Continuous pasture recommended for cleared country. 
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Bluewell Soil Series Modem ely deep sandy gravel 
Firm to hardsetting, brown gravelly clayey sand over laterite 
Area: 45,105 ha (2.2%) in survey 
Landform: Found in higher positions of gently undulating weakly dissected sandplain 
Vegetation: Low scrub heath of Acacia, Allocasuarina, Hakea spp. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace etal. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Firm to hardsetting. 
Alc Dark greyish brown to dark yellowish brown 
(10YR 4/2, 4/4) and strong brown (7.5YR 4/6) 
loamy medium to coarse sand to clayey sand; 
weak; single grained to massive; sandy fabric; 
common (10-20%) subrounded ferruginous gravel 
2-20 mm; acid to weakly acid (pH 5.5-6.5). 
B2wc Brown to yellowish brown (10YR 5/3, 5/4, 5/6) 
clayey medium to coarse sand to light sandy clay 
loam; massive; sandy fabric; moderate to very 
gravelly (30-50%) subrounded to subangular 
ferruginous gravel, 2-60 mm; weakly acid 
(pH 6.0-6.5). 
Ccm Cemented laterite gravel. 
Ferruginous gravel may be >50% in A horizon. 
Representative profile GTN929 
Ferric-Petroferric Orthic Tenosol 
Earthy Sand 
Uc5,11 
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Soil properties 
Drainage Well to moderately well drained where laterite is sufficiently dense and gradients 
are low. 
Nutrient availability Low, limited by low clay and organic matter and much laterite gravel. 
Rooting conditions Poor; effective rooting depth 25 to 40 cm, limited by cemented laterite and gravel. 
Water storage Low, limited by soil depth and sandy nature. 
Workability Good to fair; shallow laterite can affect tillage operations. 
Degradation risks 
Salinity Low. 
Subsoil compaction Low; traffic pan not evident. 
Surface structure decline Moderate; reduced organic matter leads to hardsetting A horizons. 
Water erosion Moderate. 
Water repellence Low. 
Wind erosion Moderate; reduced by hardsetting surface. 
L a n d  management 
Maintain soil cover over summer months to prevent wind erosion. Shallow phases should be fenced and left to 
revegetate. 
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Bookara Soil ,c_ eries Calcareous shallow sad 
Loose, dark brown calcareous sand over limestone 
Area:  29,700 ha  (1.4%) in survey 
Landform:  Moderate to steep slopes and undulating low hills 
Vegetation: Acacia rostellifera and Melaleuca cardiophylla on shallow rocky ridges with M. huegelii south of 
Geraldton; other acacias and several mallees including Eucalyptus eudesmioides, E. oleosa and E. obtusiflora. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range of  properties) 
Surface Loose to soft. 
A l  Very dark brown to  dark brown (10YR 
2/2, 3/3) loamy fine to medium sand; 
loose; single grained; sandy fabric; weakly 
alkaline to alkaline (pH 7.5-8.5). 
B2w Strong brown grading to light brown with 
depth (7.5YR 4/6, 5/6, 6/4) loamy fine to 
medium sand to clayey sand at depth; very 
weak; single grained; sandy fabric; 
limestone rubble common; alkaline 
(pH 8.5-9.0). 
Limestone at variable depth. 
Paralithic Chernic Tenosol 
Calcareous Sand 
Uc5.11,Uc1.14 
Variants  Bookara-1 (deep variant, calcareous deep sand, 
10,000 ha): >80 c m  in swales and lower slopepositions; limestone 
fragments may be absent. Pale greyish brown sandy subsoil. 
Bookara-2 (Shelly Chernic Tenosol) 
Representative profiles GTN0163, REFGTN8 (see Appendix 4) 
Al 
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Soil properties 
Drainage Well to rapidly drained. 
Nutrient availability Low, due to low clay content and high pH; moderate nutrient retention. 
Rooting conditions Moderate; effective rooting depth 100+ cm; 10 to 40 cm in areas o f  limestone 
outcrop; limestone rubble will restrict root growth. 
Water storage Low, better in deeper soils in swales and depressions. 
Workability Good; workable over a wide moisture range; two-wheel drive access difficult on 
dry soil. 
Degradation risks 
Salinity Low. 
Subsoil compaction Low; traffic pan not evident. 
Surface structure decline Low; maintain soil organic matter to prevent wind erosion. 
Water erosion Low; moderate on steep western slopes north o f  Geraldton. 
Water repellence High. 
Wind erosion Very high, due to coastal winds and high fine sand component o f  soil. 
Land  management 
Shallow rocky and steep areas should be fenced and native vegetation established. Maintain cover over 
summer with conservative grazing. 
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Bootekk?" ,tdoil Series idet-1 sandy earth 
Firm, reddish brown loamy sand grading to sandy clay loam 
Area: 42,300 ha (2.0%) in survey 
Landform: Found on alluvial terraces, flats and lower slopes of coastal river systems 
Vegetation: Acacia rostellifera with other Acacia spp., Hakea and Cassia spp. (inland) 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Soft to firm. 
Al Reddish brown to dark reddish brown 
(2.5YR/5YR 3/4, 4/4, 4/6); loamy sand to weak 
sandy loam; weak; single grained; sandy fabric; 
acid to weakly acid (pH 5.5-6.5). 
A3 Dark reddish brown (5YR 3/4) clayey sand to 
sandy loam; massive; earthy fabric; weakly acid 
to neutral (pH 6.0-7.5). 
B2w Yellowish red to red (5YR 4/6, 2.5YR 4/4, 4/6) 
light sandy clay loam to sandy clay loam at 
depth; massive; earthy fabric; neutral A3 
/ /  //// 
/ / / / /  //// 
(pH 7.0-7.5). 
/ / /  / / / / /  ///// 
14 sandy subsoil is a red deep sand. 
/ / /  / / / / /  /////0 
Phase Bootenal-1 (sandy phase; 11,100 ha): B2w k ' / / / / / / / / / / / / 7  
\1/ 
Representative profile GTN0447 
Mesotrophic Red Kandosol 
Red Earth 
Gn2.12 
Al 
Soil properties 
Drainage Well drained. 
Nutrient availability Moderate; sufficient subsoil clay to limit surface nutrient loss. 
Rooting conditions Good; effective rooting depth 200 cm. 
Water storage Moderate to high; better for soils with shallow B2 horizon. 
Workability Good; easily worked over a range of moisture. 
Degradation risks 
Salinity Low. 
Water erosion Low, due to high infiltration rates. 
Wind erosion Moderate; high for open alluvial flats and gentle slopes exposed to coastal winds. 
Surface structure decline Low; reduced organic matter can lead to higher wind erosion hazard. 
Subsoil compaction Moderate; potential problem of upper A3 horizon on sandy phases. 
Water repellence Low. 
L a n d  management 
Maintain plant cover to prevent wind erosion. Direct drilling is recommended with cropping. Soil may 
respond to deep ripping. 
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B3i7es S i I  Ser,23s RuLf lo_ 7y earth 
Firm to  hardsetting, reddish brown sandy loam grading to  clay at depth 
Area :  26,200 h a  (1.3%) in survey 
Landform:  Alluvial flats and lower slopes o f  dissected country drained by local rivers 
Vegetation: Acacia—Hakea shrub (Acacia acuminata, A. rostellifera, A. tetragonophylla, Hakea recurva, 
H. preissii) with scattered Eucalyptus loxophleba and E. camaldulensis along creeklines 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range of  properties) 
Surface Firm to hardsetting. 
A Reddish brown to dark reddish brown (5YR 
4/3, 4/4, 5YR 3/4) loamy sand to sandy loam; 
weak; sandy fabric; weakly acid (pH 6.0). 
B1 Dark reddish brown to red (2.5YR 3/4, 4/6, 
4/8) sandy loam to sandy clay loam; massive; 
earthy fabric; neutral (pH 6.5-7.0). 
B2t Red t o  dark red (2.5YR 4/6, 4/8, 3/6) sandy 
clay; massive; sandy fabric; neutral (pH 7.0). 
Mesotrophic Red Kandosol 
Red Earth 
Gn2.12, Dr4.52 
Variable depth (80-120 cm) to sandy clay; subsoil may be 
structured. 
Variant Bowes-1 (Mesotrophic Red Chromosol) 
Representative profiles REFGTN4 (Kandosol), 
GTN1401 (Chromosol, Appendix 4) 
Soil properties 
Al 
B1/ 
B2w 
B2t 
//// 
/ / / /  
/ /  J-100 
// 
10.1131 ! M E D  =1.21 
• • = i 1  O E M S  =Ma 0 . 1 . •  MON 
E . =  N E E D  . 1 1 = 1 1  •=1:1111 N S W  0001 
—120 
Drainage Moderately well drained; isolated areas waterlogged in winter. 
Nutrient availability High. 
Rooting conditions Moderate; rooting depth 120+ cm. 
Water storage Moderate. 
Workability Good; workable over a wide moisture range. 
Degradation risks 
Salinity Low; watercourses often brackish. 
Water erosion Low; active stream bank erosion in places. 
Wind erosion Low; moderate on loamy sand surface. 
Suiface structure decline Low; surface horizon may set hard. 
Subsoil compaction Moderate; traffic pan may develop. 
Water repellence Low. 
40+ 
Land management 
Earthworks may be required on lower slopes to control water erosion. Work across the contour. Direct drill 
crop; maintain stubble over summer. 
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"Jty Soil Series 
Hardsetting, reddish brown sandy loam over alkaline clay 
Area: 13,300 ha (0.6%) in survey 
Landform: Alluvial plains and lower slopes 
Vegetation: Extensively cleared; Acacia acuminata scrub with scattered Eucalyptus loxophleba, occasional 
E. salmonophloia and Hakea spp. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
m Surface Hardsetting, few cracks. c0 
Al Dark reddish brown to reddish brown (5YR 3/4, 4/4) 
to yellowish red (5YR 4/6) sandy clay loam; g i l g a i M r / /  / / /  10 Al 
microrelief common; massive; earthy fabric; neutral — 20 to alkaline (pH 7.0-8.5). '27/Z727' B1k 7 7 Z /  . Blk Dark reddish brown to red (2.5YR 3/6, 4/4, 4/8) clay 
loam to light medium clay; massive to moderately 40 
developed structure; earthy fabric; alkaline to 
strongly alkaline (pH 8.5-9.5). 
B2ltk Red (2.5YR 4/8, 4/6, 5/8) to yellowish red (5YR 4/6, 60 
5/8, 5/6) light clay to light medium clay; weak; 
massive; earthy fabric; much free lime; alkaline to 
strongly alkaline (pH 8.5-9.5). 80 
Calcareous loan., y eavth 
Pedal Calcic Calcarosol 
Solonized Brown Soil 
Gn3.13, some Dr2.13 
B22t Yellowish red (5YR 5/6, 5/8) to red (2.5YR 4/8) 
O M =  M O  M e t  12••• 
medium to medium-heavy clay; moderately 
developed smooth-faced subangular blocky structure; pmmo 
free lime may be present; alkaline to strongly 
alkaline (pH 8.5-9.5). 
Few (<10%) manganese and quartz gravels may occur throughout. 120 
Phase Butterabby-1 (calcic phase; 3,900 ha Subplastic Red Chromosol): free lime may be present to 160 cm. 
Variant Butterabby-2 (Regolithic Calcic Calcarosol) 
Representative profiles GTN0529 (Regolithic Calcic Calcarosol), 
GTN1419 (Sodic Subplastic Red Chromosol; see Appendix 4) 
w e n s  emee 
Soil properties 
Drainage Moderately well drained, imperfectly drained hollows on gilgai microrelief. 
Nutrient availability Moderate to high due to high clay content. 
Rooting conditions Moderate; effective rooting depth 120+ cm, limited by imperfect drainage and 
clay subsoil. 
Water storage Moderate; limited by high clay content; crops finish poorly in dry years. 
Workability Fair; workable over a moderate moisture range, but becomes boggy after moderate 
to heavy rains. Undulating gilgai microrelief often develops on uncultivated soils. 
Degradation risks 
Salinity High; significant areas on valley floors and low areas; subsoils may be saline. 
Subsoil compaction Moderate; traffic pan may develop. 
Surface structure decline Moderate; surfaces are hardsetting; more severe with loss of  organic matter. 
Water erosion Low; as it occurs low in the landscape. 
Water repellence Low. 
Wind erosion Low. 
L a n d  management 
Retain stubble with minimum tillage operations and establish pasture phases to improve soil structure. 
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Cr _P pbell Soil Series 
Soft to firm, red loamy sand over sandstone 
Area: 300 ha (0.01%) in survey 
Landform:  Found as isolated low rises in the Greenbrook Catchment 
Vegetation: Acacia acuminata and other acacias, Hakea recurva and H. preissii 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range of  properties) 
Surface Soft to firm. 
Al  Yellowish red to dark reddish brown 
(5YR 4/6, 3/4) loamy medium sand to 
clayey sand; loose to weak; single grained; 
weakly acid to acid (pH 5.5-6.0). 
B2w Dark red to reddish brown (2.5YR 3/6, 
5YR 5/4, 4/4) clayey medium to coarse 
sand to light sandy clay loam; massive; 
earthy fabric; weakly acid (pH 6.0) to 
alkaline (pH 8.0-9.0) at depth. 
Olive-yellow weathered sandstone. 
Depth to sandstone is variable. Base o f  B horizon may contain 
mottles and sandy clay. 
Representative profile GTN0914 
Red shallow sand 
Paralithic Orthic Tenosol 
Earthy Sand 
Uc5.21 
Al 
B2w 
cm 
0 
— 
,/../i/.//x////:// 
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P.1#1° • F. i i  • f u o t •  • go 
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e1..100 * M e l °  ° P i f e r  ° 
/ • ° M I A '  .r.hpi° • mei. ° P . I e r  • ° •P.I.pl° * M e l °  °P.L.•1° ° N e i °  ° 100 
Kier .r.kpf° •Kier ? l e l °  • r o t e l •  • 
Soil properties 
Drainage Well to moderately well drained in small areas at base o f  slopes. 
Nutrient availability Low; moderate nutrient retention. 
Rooting conditions Moderate; effective rooting depth 40 to 100 cm, restricted by depth to rock. 
Water storage Low to moderate; limited by depth o f  soil. 
Workability Good; workable over a wide moisture range. 
Degradation risks 
Salinity Low. 
Subsoil compaction Moderate; traffic pan may develop. 
Surface structure decline Low; surface condition ranges from loose to hardsetting. 
Water erosion Low, due to high infiltration rates. 
Water repellence Moderate 
Wind erosion High. 
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Ci-i%na Soi l  ,;79e), , Adi ,?LirM 
Hardsetting, reddish brown sandy loam grading to red clay loam on granite 
Area: 15,100 ha (<1%) in survey 
Landform: Gently undulating hillcrests and mid to upper positions of gentle slopes 
Vegetation: Acacia scrub with Eucalyptus loxophleba (malice) and Allocasuarina spp. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace etal. 1968) 
Principal Profile Form (Northcote 1979) 
Paralithic Orthic Tenosol 
No suitable group 
Gn2.11, Gn1.11 
Description (range o f  properties) 
Surface Hardsetting. 
Al Dark reddish brown to reddish brown (5YR 3/4, 
4/4) clayey medium to coarse to gritty sand to 
sandy loam; massive; sandy fabric; few (0-20%) 
angular quartz and granite gravels; acid to weakly 
acid (pH 5.5-6.0). 
B21w Dark red to yellowish red, (2.5YR 3/6, 4/6, 4/8, 
5YR 4/6, 5/6) to dark brown (7.5YR 4/4); medium 
to coarse, gritty light sandy clay loam to sandy clay 
loam; weak; massive; sandy to earthy fabric; 
common (10-30%) angular quartz and granite 
gravels; acid to neutral (pH 5.5-7.0). 
B22w Red to yellowish red (2.5YR 4/6, 5/6, 5YR 4/6, 
5/6, 5/8) gritty sandy clay loam to clay loam; 
massive; weak; earthy fabric; 
(10-60%) angular quartz and granite gravel; acid 
to neutral (pH 5.5-7.0). 
Cr On granite saprolite (weathered granite). 
Rock fragments (quartz and granite gravel) may be absent. 
Representative profile GTN1410 (see Appendix 4) 
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B21w 
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Soil properties 
Drainage Well to moderately well drained. 
Nutrient availability Moderate; moderately high nutrient retention. 
Rooting conditions Moderate; effective rooting depth 30 to 80 cm, restricted by rock fragments and 
rock. 
Water storage Low to moderate; limited by depth of soil. 
Workability Good; workable over a moderate moisture range; low areas can be boggy. 
Degradation risks 
Salinity Low to moderate for poorly drained areas. 
Subsoil compaction Moderate; traffic pan may develop in B21 horizon. 
Surface structure decline Low; hardsetting surface common. 
Water erosion Moderate. 
Water repellence Low. 
Wind erosion Moderate. 
L a n d  management 
Retain stubble cover over summer with minimum tillage and pasture phases in cropping program to reduce 
hardsetting of  soil surface. 
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Ceq!!erina Sc" Serigiq 
Loose to soft, grey to pale brown sand over sandy gravel 
Area:  82,800 ha (4.0%) in survey 
Landform: Gently undulating sandplain 
Vegetation: Scrub heath o f  Acacia, Allocasuarina, Grevillea spp. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Pale deep sand 
Ferric-Petroferric Bleached-Orthic Tenosol 
Siliceous Sand 
Uc2.21 
D e s c r i p t i o n  ( r a n g e  o f  properties) 
Surface Loose to soft. 
A l  Grey to dark grey and dark greyish brown 
(10YR 5/1, 6/1, 4/1, 4/2) medium to coarse 
sand to loamy sand; loose, single grained; 
sandy fabric; weakly acid (pH 6.0-6.5). 
A2e Light brownish grey to very pale brown 
(10YR 6/2, 7/3, 7/4) and light yellowish 
brown (10YR 6/4) medium to coarse sand to 
weak loamy sand; very weak; single grained; 
sandy fabric; weakly acid (pH 6.0-6.5). 
A3c/B2wc Light grey to very pale brown (10YR 7/2, 7/3, 
7/4) medium to coarse sand, to light yellowish 
brown to yellow (10YR 6/4, 7/6) clayey 
medium to coarse sand; weak; single grained; 
sandy fabric; moderate to very gravelly, (30- 
70%) rounded to subangular laterite gravel 2- 
60 mm; weakly acid to  neutral (pH 6.5-7.0). 
Ccm On cemented laterite at 80-140 cm. 
B2w horizon exists where subsoil is yellow clayey sand. A gravel 
Al 
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A3c/ 
B2wc 
Ccm 
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layer, typically at 30 cm, forms an irregular boundary to the indurated laterite layer. 
Variant Ferric Bleached-Orthic Tenosol (cemented laterite not present) 
Representative profile GTN1426 (see Appendix 4) 
120+ 
S o i l  properties 
Water storage Low; limited by effective soil depth and sandy nature. 
Nutrient availability Low; limited by  low clay and organic matter; low nutrient retention. 
Rooting conditions Moderate; effective rooting depth 100 to 140+ cm (reduced by gravel in subsoil 
and depth to  laterite). 
Drainage Rapid. 
Workability Good; workable over a wide moisture range 
. 
D e g r a d a t i o n  risks 
Salinity Low. 
Water erosion Very low; high infiltration rates limit run-off. 
Wind erosion High to very high, due to loose sandy surface. 
Surface structure decline Moderate; loss o f  organic matter results in a loose, highly erodible soil. 
Subsoil compaction Moderate; traffic pan m a y  develop in A2 horizon. 
Water repellence High. 
L a n d  management 
Maintain stubble cover over summer to prevent wind erosion. Direct drill seeding operations. 
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Eradu Soil Series Yellow deep sand 
Loose to soft, yellowish brown loamy sand over brownish yellow clayey sand 
Area: 223,800 ha (10.8%) in survey 
Landform: Gently undulating to level sandplain 
Vegetation: Scrub heath with patches of thicket dominated by Banksia, Hakea, Grevillea, Acacia spp. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Regolithic Orthic Tenosol 
Siliceous Sand 
Uc5.11, Uc5.22, Uc4.21 
Description (range o f  properties) 
Surface Loose to soft. 
Al Brown to yellowish brown (10YR 5/3, 5/4) • • • • . • • •  
• • • • • • 
• • 
• •  
• 
• •  • 
• •  
• 
• •  
• 
• •  
• 
• •  
• 
• •  
• 
loamy medium to coarse sand; very weak to Al • . • • • • • • • • • • • • •• •• • • • • • • • 
loose; single grained; sandy fabric; weakly •• • . • • . . .  • . • . •• . .. OOOOOOO • • . . . • • acid (pH 6 . 0 - 6 . 5 ) . . . "  •• • . •• 
• • • . • . •.. •.. • . • 
• • • 0 • • 
A3 Yellowish brown (10YR 5/6, 5/8) loamy• . • 
• • • • • • • 
• • • •  • 
• •  • • •  • • 
• •  • 
• • • •  • • • 
• 
• •  
• 
• •  
• 
• •  
• 
• • • 
medium to coarse sand to clayey sand; very AS • • . • • • • • • • • • • • 
• • • 
• • 
• •  • • •  • 
•• 
weak; single grained; sandy fabric; weakly • • . • 
• . • • • • • • • • .• . • • •.. •• • • . •• 
• • •  • 
• • • 
• • •  • 
• . • . •.. • • • •• • • • . • • • 
• 
• •  
0 
• • 
• •  • 
• • •• ....... • . •• . • • 
• •  
• 
• • • •  • 
• • 
• •  • 
• • 
• • • • • • 
• •  
• 
. • • •  • 
• • 
• •  
• 
. • 
• • •• . 0 • 
acid (pH 6.0-6.5)...... 
B2w Brownish yellow (10YR 6/8) clayey medium 
to coarse sand; weak, single grained; sandy • . • • •• • • • • • • 
fabric; neutral (pH 6.5-7.0). B2w .' : ' :  : ' :  : ' :  : ' :  :*: 
•• . • . •• . 
• •  . • •  . 
• •  
. 
• •  
. 
• • 
Al colours may be dark brown (10YR 3/3). B2 horizon . • . • . •• . • . -.• • • • •• • • • • • 
• • • • • • • • • • • 
• • • • • • • • • • • • a • • 
may have an earthy fabric (Uc5.22). An A2 may replace the A3 • 
horizon (Uc4.1). 
Variant Eradu-1 (gravelly subsoil variant; 48,200 ha): Ferruginous gravel in B horizon. 
Representative profiles GTN1405, GTN1423, REFGTN5 
Soil properties 
Drainage Well drained; no waterlogging risk. 
Nutrient availability Low; responds well to N, P, K and trace elements. 
Rooting conditions Good; effective rooting depth 200 cm. 
Water storage Moderate; deep soil with low clay. 
Workability Good; workable over a wide moisture range. 
Degradation risks 
Salinity Low; high permeability, good deep drainage. 
Water erosion Low, due to high infiltration rates and gentle terrain. 
Wind erosion High, due to sandy nature and loose to soft surface. 
Surface structure decline Moderate; loss of organic matter can lead to looser surfaces and greater wind 
erosion. 
Subsoil compaction Low. 
Water repellence Moderate. 
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Land  management 
Main degradation problems are high wind erosion hazard due to loose sandy surface. Adequate stubble cover 
should be maintained over summer. Direct drill using herbicide weed control. Traffic pan can develop under 
cropping and there may be a response to deep ripping. 
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Eurang Soil Series Y e i w  deep said 
Loose to soft, grey to greyish brown sand over yellow clayey sand 
Area:  181,500 ha  (8.8%) in survey 
Landform:  Gently undulating sandplain 
Vegetation: Scrub heath on lateritic sandplain. Common species include Acacia spp., Allocasuarina 
campestris with occasional Nuytsia floribunda 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace etal.  1968) 
Principal Profile Form (Northcote 1979) 
Description (range of  properties) 
Surface Loose to soft. 
A l  Greyish brown to brown (10YR 5/2, 4/3, 5/3) 
medium to coarse sand to weak loamy sand; 
loose; single grained; sandy fabric; weakly acid 
(pH 6.0-6.5). 
A2e Very pale brown to light yellowish brown and 
brown (10YR 7/3,7/4, 6/4, 5/3) medium to coarse 
sand; loose to very weak; single grained; sandy 
fabric; weakly acid (pH 6.0-6.5). 
A3 Yellow (10YR 7/6) medium to coarse sand; very 
weak; single grained; sandy fabric; weakly acid 
to neutral (pH 6.0-7.0). 
B2w Brownish yellow (10YR 6/6, 6/8) clayey medium 
to coarse sand; very weak; single grained; sandy 
fabric; neutral (pH 7.0). 
A2 horizon may not be bleached (Uc4.1) 
Representative profile GTN1425 (see Appendix 4) 
Arenic Bleached-Orthic Tenosol 
Siliceous Sand 
Uc2.21, Uc4.21 
Al 
A2e 
A3 
B2w 
° • • • •  •• 
• " * • • " " ° • ' • " • •  • •  , o.. 
• " • • ° " • • • • • • • • o • •  • o • •  • • •  • • •  • • •  • • •  • •• 
• ••  • ••  • ••  • ••  • •• • •• • • • •• 
cm 
0 
- 
10 
20 
40 
— 60 
— 80 
Soil properties 
Drainage Rapidly drained. 
Nutrient availability Low, due to low clay in surface horizons; low nutrient retention. 
Rooting conditions Good; effective rooting depth 200+ cm. 
Water storage Low, due to low clay and organic matter and depth to clayey sand B horizon. 
Workability Good; workable over a wide moisture range. 
Degradation risks 
Salinity Low. 
Subsoil compaction Low; traffic pan not evident. 
Surface structure decline Low; wind erosion hazard may increase with reduced organic matter. 
Water erosion Low, due to high infiltration rates. 
Water repellence Moderate; occurs on coarse sandy topsoils. 
Wind erosion High, due to loose sandy surface. 
Land management 
Maintain plant cover over summer to reduce wind erosion risk. 
100 
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Fegan Soil Series aeLl s h a l i c  I !midi 
Hardsefting, reddish brown sandy loam over sandy clay loam on granite 
Area: 19,100 ha (0.9%) survey 
Landform: Mid and upper slope positions below ridges 
Vegetation: Acacia and Melaleuca spp. with occasional Eucalyptus loxophleba, both malice and tree forms 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Hardsetting. 
Al Dark reddish brown (2.5YR 3/4, 5YR 3/4) sandy 
loam; massive; sandy to earthy fabric; common 
(10-20%) angular quartz and granite fragments 
and sub-rounded manganiferous gravel; weakly 
acid (pH 6.0-6.5). 
B2w Red to dark red (2.5YR 4/6, 4/8, 3/6) to yellowish 
red (5YR 4/6), with poorly drained soils light 
yellowish brown and strong brown (10YR 6/4, 
7.5YR 5/6) often with mottles; sandy clay loam, 
occasionally grading to light sandy clay loam at 
depth; massive; earthy fabric; moderately gravelly 
(20-50%) angular quartz and granite with some 
manganiferous gravel; acid to neutral (pH 5.5-7.0). 
Cr On decomposing granite. 
Representative profile GTN1415 (see Appendix 4) 
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Soil properties 
Drainage Well drained. 
Nutrient availability Moderate; moderately high nutrient retention. 
Rooting conditions Moderate; effective rooting depth 30 to 60 cm, restricted by depth to rock. 
Water storage Low; limited by soil depth. 
Workability Good; workable over a moderate moisture range. 
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Degradation risks 
Salinity Low. 
Subsoil compaction Moderate; traffic pan may develop in upper B2 horizon. 
Surface structure decline Moderate; hardsetting surface common. 
Water erosion Moderate; hardsetting loamy soils prone to rill erosion; some run-off from shallow 
rocky areas. 
Water repellence Low. 
Wind erosion Low, due to hardsetting loamy surface. 
L a n d  management 
Maintain soil structure through minimum tillage, retain stubble and pasture phases in cropping program to 
reduce hardsetting surface. 
121 
GERALDTON REGION LAND RESOURCES SURVEY 
tru.rov ii e a l  &f -mulc t  gmly clay 
Self-mulching, grey cracking clay 
Area:  4,500 ha (0.2%) in survey 
Landform:  Alluvial flats 
Vegetation: Extensively cleared; Acacia rostellifera thicket with scattered Eucalyptus camaldulensis 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Self-mulching Grey Vertosol 
Grey Clay 
Ug5.24 
Description (range of  properties) 
Surface Seasonal cracking and/or self-mulching. 
A l  Dark grey to dark greyish brown (10YR 4/1, 4/2) 
light medium clay to medium clay; weak; strongly 
developed, 2-10 mm, smooth faced polyhedral 
structure; neutral (pH 7.0-7.5). 
B21 Dark greyish brown to  dark brown (10YR 4/2, 4/3) 
medium clay; moderately developed, smooth-faced 
polyhedral structure; neutral to weakly alkaline 
(pH 7.0-8.0). 
B22 Weak red to reddish brown (2.5YR 4/2, 5/4) medium 
to heavy clay; moderately to strongly developed 
structure; alkaline to strongly alkaline (pH 8.5-9.5). 
Surface cracking is seasonal and most evident on non-cultivated soils 
in summer. 
Representative profile GIN0451 
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Soil properties 
Drainage Moderate; but high waterlogging risk in imperfectly drained/minor areas in Ga2. 
Nutrient availability High; highly alkaline subsoils may limit availability o f  some nutrients. 
Rooting conditions Moderate; effective rooting depth 100+ cm. 
Water storage Moderate; high clay content restricts available water in dry years. 
Workability Poor; limited to narrow moisture range; hard when dry, boggy when wet. 
Degradation risks 
Salinity Moderate; high for Ga2 units. 
Subsoil compaction Moderate; traffic pan may develop. 
Surface structure decline Moderate; excess working and reduced organic matter may  lead to degraded 
structure and a surface seal. 
Water erosion Low. 
Water repellence Low. 
Wind erosion Low. 
Land management 
Maintain organic matter levels and avoid working soil in wet conditions to maintain structure. 
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Gnoolowa Soil Series Grey non-cracking clay 
Eroded, hardsetting, greyish brown clay 
Area: 3,800 ha (0.2%) in survey 
Landform: Footslopes of mesas and gentle slopes 
Vegetation: Extensively cleared; few Acacia acuminata and Hakea preissii 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace etal. 1968) 
Principal Profile Form (Northcote 1979) 
Eutrophic Grey Derrnosol 
Grey Clay 
Uf6.33 
Description (range o f  properties) 
Surface Hardsetting, few cracks. 
Al Dark greyish brown to olive brown (2.5Y 4/2, 
4/4) light medium clay with few faint light 
brown mottles; weakly developed structure; 
neutral (pH 7.5). 
B2 Dark greyish brown (2.5Y 4/2) to olive brown 
(2.5Y 4/4) light to light medium clay; 
moderately developed structure; weakly acid to 
neutral (pH 6.0-7.5). 
Massive surface horizon may have few cracks. 
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Representative profile GTN883 
Soil properties 
Drainage Moderate; low waterlogging risk due to good external drainage. 
Nutrient availability Moderate. 
Rooting conditions Poor; effective rooting depth 100+ cm, but restricted by tight clay. 
Water storage Moderately low; limited by high clay content. 
Workability Poor; hardsetting when dry, boggy and sticky when wet; numerous erosion gullies 
restrict access below scarps. 
Degradation risks 
Salinity Moderate; prone to salt scalds on lower slopes. 
Subsoil compaction Moderate; traffic pan not evident. 
Surface structure decline High; surface soils have poor structure and in places erode to expose subsoil clays. 
Water erosion High; run-off from mesas and scarp faces causes severe gully erosion. 
Water repellence Low. 
Wind erosion Low. 
L a n d  management 
Earthworks are needed to control water erosion; fences to exclude stock and allow revegetation. 
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Greenbrook Soil Series Ai 1 e  red shallow 
loamy duplex 
Hardsetting, reddish brown fine sandy clay loam over red clay 
Area:  11,300 ha (0.5%) in survey 
Landform: Alluvial flats associated with Lockier and Irwin Rivers 
Vegetation: Acacia scrub with scattered Eucalyptus loxophleba and Hakea spp. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Subnatric Red Sodosol* 
Red-brown Earth 
Dr2.12, Dr3.13 
Description (range o f  properties) 
Surface Hardsetting. 
A l  Dark reddish brown to reddish brown (5YR 3/4, 
3/3, 4/4) sandy loam to sandy clay loam; massive; 
earthy fabric; acid to neutral (pH 5.5-7.0). 
B2t Red to dark red (2.5YR 3/6, 4/6) to reddish brown 
and yellowish red (5YR 4/4, 4/6) light clay to 
medium clay; moderate structure; free carbonates 
may be present; neutral to mildly alkaline 
(pH 7.5-8.5). 
Variant 
Representative profile 
Soil :roperties 
Drainage 
Nutrient availability 
Rooting conditions 
Water storage 
Workability 
Sodic Subplastic Red Chromosol 
REFGTN12 (see Appendix 4) 
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Well drained to imperfectly drained in small areas at base o f  slopes. 
Moderate; high nutrient retention. 
Moderate; effective rooting depth 40 to 100 cm. 
Moderate; limited by  depth o f  soil. 
Good; workable over a moderate range o f  moisture. 
Degradation risks 
Salinity Slight. 
Subsoil compaction Moderate; traffic pan may develop. 
Surface structure decline Low; loose to hardsetting surface. 
Water erosion Low, moderate where slope >3%. 
Water repellence Moderate; may occur on sandy phases. 
Wind erosion Moderate. 
L a n d  management 
Retain stubble and introduce pasture phases in cropping program to maintain organic matter and reduce 
hardsetting o f  surface horizon. 
* Chemically this soil is a Sodosol, but in terms o f  structure and permeability it behaves more like a 
Chromosol. 
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Greenough Soil rories 
Hardsetting to cracking, grey gradational silty clay 
Area:  4,600 ha (0.2%) in survey 
Landform:  Level to very gently inclined alluvial plain 
V e g e t a t i o n :  Acacia rostellifera with a few Eucalyptus camaldulensis 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace e ta l .  1968) 
Principal Profile Form (Northcote 1979) 
P-Y7rdcri7_.-f:L7fIc clay 
Hypocalcic Brown Dermosol 
Brown Clay 
Ug5.4, Ug5.5 
Description (range o f  properties) 
Surface Hardsetting to cracking. 
A l l  Dark brown to dark greyish brown (10YR 3/3, 4/2) 
silty clay loam to silty clay; weakly developed, rough 
faced blocky structure; weakly acidic (pH 6.0-6.5). 
A l 2  Very dark greyish brown to brown (10YR 3/2, 5/3) 
silty clay; weak to moderate; smooth faced 
polyhedral structure; neutral (pH 6.5-7.5). 
B21 t Strong brown to yellowish brown (7.5YR 4/6, 10YR 
5/4) light to medium clay; moderate to strong 
structure; alkaline to strongly alkaline (pH 8.0-9.0). 
B22tk Strong brown to yellowish brown (7.5YR 4/6, 10YR 
5/4); light and medium clay; moderate to strong 
structure; calcareous (pH 8.0-9.0). 
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Surface may be dark reddish brown (5YR 3/3). Soil at base o f  Ta3 unit is dark grey clay with clay loam to silty 
clay surface textures. Limestone fragments in subsoil. Surface textures range from silty clay loam to light 
medium clay. 
Variant 
Representative profiles 
Greenough-1, Subnat ic  Brown Sodosol 
GTN0441, REFGTN9 (Appendix 4) 
Soil properties 
Drainage Moderate, moderate waterlogging and flood risk. 
Nutrient availability Moderate; highly alkaline subsoils may  limit some growth; high nutrient 
retention. 
Rooting conditions Moderate to poor; effective rooting depth 100+ cm, restricted by clay. 
Water storage Moderate; high clay content will restrict water to plants in dry years. 
Workability Poor; workable over a narrow moisture range. 
Degradation risks 
Salinity Low. 
Subsoil compaction Moderate; traffic pan may develop in A l 2  horizon. 
Surface structure decline Moderate; surface may be hardsetting. 
Water erosion Low. 
Water repellence Low. 
Wind erosion Low. 
Land  management 
Maintain soil structure through additions o f  organic matter and minimum tillage, 
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GrerveckP Soil Series 
Hardsetting, reddish brown stony sandy loam grading to stony sandy clay 
Area:  2,300 ha (0.1%) in survey 
Landform:  Undulating to rolling rises with some gullies, east o f  Yanclanooka Hills 
Vegetation: Eucalyptus loxophleba (York gum) with Acacia and Hakea spp. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Hardsetting. 
A l  Dark reddish brown (5YR 3/4) sandy loam to light 
sandy clay loam; massive; earthy fabric; much flat 
angular gravel; weakly acid to neutral 
(pH 6.0-7.0). 
B2w Reddish brown to yellowish brown (5YR 4/4, 
10YR 5/4) fine sandy clay loam to sandy clay; 
weakly developed structure, much flat angular 
gravel; weakly acid (pH 6.0-6.5). 
Red loamy earth 
Mesotrophic Brown Kandosol 
No suitable group (Lithosol) 
Db1.51 
Shallow, more gravelly soils on ridges and hillcrests. 
Associated soil Soils on lower slopes and drainage lines have a 
hardsetting, yellowish red light sandy clay loam over a grey brown to yellowish brown silty clay loam. 
Rounded manganese and laterite gravel at depth; weakly acid profile pH 6.0 to 7.0 at depth. 
Al 
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Representative profile GTN0923 (red phase) 
Soil properties 
Drainage Moderate; external drainage good. 
Nutrient availability Moderate. 
Rooting conditions Poor; effective soil depth 40 to 60+ cm, restricted by  abundant gravel. 
Water storage Moderate to low; limited by  soil depth. 
Workability Poor; undulating terrain, occasional rocks and erosion gullies restrict access. 
Degradation risks 
Salinity Low. 
Subsoil compaction Low; traffic pan not evident. 
Surface structure decline Moderate; low organic matter can compound hardsetting problem. 
Water erosion Moderate; generally found on low hilly terrain; gravel has stabilising effect. 
Water repellence Low. 
Wind erosion Low, due to  gravel and hardsetting surface. 
L a n d  management 
Earthworks are required on this erodible soil on undulating country. Low water-holding capacity and lack of 
responsiveness to fertilisers suit continuous pasture with conservative stocking rates. 
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Grime Soil Series R e l  hallow ra:31 
Firm to hardsetting, reddish brown stony clayey sand on granite 
Area: 74,700 ha (3.6%) in survey 
Landform: Gently undulating hillcrests and upper sections of gentle slopes 
Vegetation: Acacia acuminata thicket with Allocasuarina campestris and Melaleuca uncinata 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Paralithic Orthic Tenosol 
Siliceous Sand/Lithosol 
Uc5.11, Uc5.2 
Description (range o f  properties) 
Surface Firm to hardsetting. 
A l l  Dark reddish brown to reddish brown (2.5YR 3/4, 5YR 
3/4, 4/4) loamy medium to coarse sand to clayey sand; A l l  10 
massive; sandy fabric; few (0-10%) angular granite and 
quartz gravel 20-100 mm; acid to neutral (pH 5.5-7.0). 
• 7 7 /  A : 7 0  .1 
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Cr  O n  granite saprolite. 
Wide colour range, typically reddish brown to brown. Quartz and granite fragments increase with depth. Al2 
horizon may be absent. Some unmapped phases have <20% gravel in B2 (<10% in A l l ,  Al2) and B2 texture 
may increase to light sandy clay loam. 
Representative profile GTN1409 (see Appendix 4) 
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Soil properties 
Drainage Well drained. 
Nutrient availability Moderate to low due to low clay; low nutrient retention. 
Rooting conditions Good to moderate; effective rooting depth 35 to 90 cm, limited by depth to rock 
fragments. 
Water storage Low; limited by soil depth and low clay. 
Workability Good, over a wide moisture range, rock can restrict operations in places. 
Degradation risks 
Salinity Low. 
Subsoil compaction Moderate; traffic pan may develop in Al2 horizon. 
Surface structure decline Moderate; loss of organic matter compounds hardsetting surface. 
Water erosion Moderate; overland flow on hardsetting surfaces, shallow rocky areas. 
Water repellence Low. 
Wind erosion Moderate, due to hardsetting surface. 
L a n d  management 
Direct drill with stubble retention with pasture phases in cropping program to reduce hardsetting of soil 
surface. 
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Heal i n  SoilE(71-177.3 Grey deep saEly dup. ax 
Loose to  firm, dark brown to greyish brown sand over reddish yellow sandy clay 
Area:  37,400 ha (1.8%) in survey 
Landform:  Long gentle slopes and open depressions on dissected sandplain 
Vegetation: Extensively cleared scrub heath on lateritic sandplain. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range of  properties) 
Surface Loose to firm. 
A l  Dark brown to dark greyish brown (10YR 3/3, 
4/2) loamy medium to coarse sand; very weak; 
single grained; sandy fabric; weakly acid 
(pH 6.0-6.5). 
A2 Greyish brown to pale brown (10YR 5/2, 6/3) to 
light yellowish brown (10YR, 2.5Y 6/4) medium 
to coarse sand to clayey sand; very weak; single 
grained; sandy fabric; neutral (pH 6.5-7.0). 
B2t Reddish yellow (7.5YR 6/8) to yellow (10YR 7/6) 
sandy clay; massive; earthy fabric; neutral 
(pH 6.5-7.0). 
Dystrophic Yellow Chromosol 
Yellow Podzolic Soil 
Dy4.62, Dy4.82 
Variable depth to clay, typically 40 to 60 cm. A2 horizon may be 
bleached (Dy4.82). 
Representative profile GTN1422 (see Appendix 4) 
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Soil properties 
Drainage Well drained on slopes, moderately well in open depression with restricted outfall. 
Nutrient availability Low; sandy surface horizons have low fertility and high leaching losses due to low 
organic matter and clay content; subsoil clay is dense and not fertile. 
Rooting conditions Good to moderate; effective rooting depth >150 cm, restricted by clay. 
Water storage Moderate; clayey B2 horizon limits water loss through deep drainage. 
Workability Good; workable over a wide moisture range. 
Degradation risks 
Salinity Slight; generally not saline due to adequate drainage. 
Subsoil compaction Low; traffic pan not evident. 
Surface structure decline High; loss o f  organic matter can lead to loose, erodible surface. 
Water erosion Low; lateral flow o f  subsurface water above clay does not saturate surface except 
where clay is at shallow depths in depressions; gullies may  form under such 
conditions. 
Water repellence High. 
Wind erosion Moderate, due to sandy, soft nature o f  surface. 
Land management 
Maintain adequate ground cover to  prevent wind erosion risk. 
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indar Soil Series Red I c y  earth 
Hardsetting, reddish brown sandy loam grading to clay on granite 
Area: 26,700 ha (1.3%) in survey 
Landform: Hillcrest and gentle slopes of gently undulating rises; some low granite outcrop 
Vegetation: Heath of Melaleuca caronicarpa, M. radula, M. steedmanii, M uncinata; Acacia acuminata scrub 
with Hakea decurva and H. preissii 
Classification 
Australian Soil Classification (Isbell 1996) Mesotrophic Red 
Great Soil Group (Stace et al. 1968) Red Podzolic Soil 
Principal Profile Form (Northcote 1979) Gn2.12 
Description (range of properties) 
Surface Hardsetting. 
Al Dark reddish brown to reddish brown (2.5YR 3/4, 
5YR 3/4, 4/4) sandy loam; massive; sandy or earthy 
fabric; slightly gravelly (0-15%), angular quartz and Al 
granite gravel, 2-20 mm; acid to weakly acid 
(pH 5.5-6.5). 
B1 Dark red to dark reddish brown (2.5YR 3/6, 4/6, B1 
5'YR 3/4) sandy clay loam to clay loam; massive; 
earthy fabric; slightly gravelly 
(0-15%), angular quartz and granite gravel; weakly 
acid (pH 6.0-6.5). 
B2w Red to reddish grey (2.5YR 4/6, 4/8, 5YR 5/2) to 
brown (10YR 5/3) with red and grey mottles sandy B2w 
clay to medium clay, may contain quartz grit; 
massive to weak structure; weakly acid to neutral 
(pH 6.0-7.5). 
Cr On weathered granite. Cr 
Kandosol 
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Subsoil colours can vary; red subsoils are usually sandy clay while 
brown clayey subsoils are often mottled and imperfectly drained. Minor unit of sandy clay loam to clay loam. 
Variant Mesotrophic Brown Kandosol 
Representative profile GTN0622 
Soil properties 
Drainage Moderate; imperfectly drained for any run-on areas — generally localised. 
Nutrient availability Moderate; clayey subsoils provide nutrient store and restrict leaching. 
Rooting conditions Moderate; effective rooting depth 30 to 60 cm, restricted by rock. 
Water storage Moderately low; limited by depth of soil. 
Workability Fair; easy to work over reasonable moisture range; may be boggy after moderate to 
heavy rains 
Degradation risks 
Salinity Slight; generally not saline. 
Subsoil compaction Low; traffic pan development not evident. 
Surface structure decline Moderate; will set hard due to low organic matter. 
Water erosion Moderate; due to shallow clay and run-on from shallow rocky areas. 
Water repellence Low. 
Wind erosion Low, due to hardsetting loamy surface. 
L a n d  management 
Earthworks may be required to control water erosion. Cropping program should maintain organic matter in 
surface soil. Retain stubble to protect soil surface. 
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indarra Soil Series Y e o w  deep sand 
Loose, yellowish brown sand grading to  brownish yellow sand 
Area:  94,800 ha (4.6%) in survey 
Landform:  Found on low rises and dune ridges in areas o f  gently undulating sandplain 
Vegetation: Scrub heath o f  Actinostrobus arenarius, Banksia sceptrum, B. ashbyi, Grevillea gordoniana and 
Xylomelum angustifolium 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range of  properties) 
Surface Loose. 
A l  Yellowish brown (10YR 5/4) medium to coarse 
sand to loamy sand; loose; single grained; 
sandy fabric; weakly acid (pH 5.5-7.0). 
A3 Yellowish brown (10YR 5/6) to light yellowish 
brown (2.5Y/10YR 6/4) medium to coarse 
sand; loose to very weak; single grained; sandy 
fabric; weakly acid to neutral (pH 5.5-7.0). 
B2w Brownish yellow (10YR 6/6, 6/8); medium to 
coarse sand; very weak, single grained; sandy 
fabric; weakly acid to neutral (pH 5.5-6.5). 
A2/A3 horizon may be absent. 
Representative profile GTN1413 (see Appendix 4) 
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Soil properties 
Drainage Rapid. 
Nutrient availability Low; low nutrient retention. 
Rooting conditions Good; effective rooting depth 200+ cm. 
Water storage Low, due to coarse nature o f  sand and very low clay content. 
Workability Good; workable over a wide moisture range. 
Degradation risks 
Salinity Low. 
Subsoil compaction Low; traffic pan not evident. 
Surface structure decline Low; wind erosion may increase with reduced organic matter. 
Water erosion Low, due to high infiltration rates. 
Water repellence High. 
Wind erosion High, due to loose sandy surface. 
L a n d  management 
All dune areas should remain under native vegetation due to very high wind erosion risk and infertile soil. 
Maintain plant cover over summer. Permanent pasture or  native vegetation recommended for gently 
undulating areas. 
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Irwin Soil Series 
Dark brown to reddish brown cracking clay 
Area: 28,400 ha (1.4%) in survey 
Landform: Alluvial flats and gentle slopes of the Lockier and Irwin Rivers 
Vegetation: Extensively cleared; Acacia acuminata with scattered Eucalyptus loxophleba 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range of  properties) 
Surface Cracking (friable). 
Al Dark brown (7.5YR 3/4, 4/4) to dark 
reddish brown (5YR 3/4, 4/4) light clay; 
moderately developed, polyhedral 
structure; neutral to alkaline (pH 7.0-8.5). 
B2 Dark reddish brown to reddish brown 
(5YR 3/4, 4/4) light medium clay; 
moderately developed, smooth-faced 
blocky structure; alkaline (pH 8.0-9.0). 
B2k Reddish brown (5YR 4/4, 4/6) to dark 
brown (7.5YR 4/4, 4/6) light medium 
clay; moderately developed, smooth-faced 
blocky structure; some free lime (calcium 
carbonate) present; alkaline (pH 8.5-9.5). 
Epipedal Red Vertosol 
Red/Brown Clay 
Ug5.38 
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Variants Irwin-1 (red variant; 3,200 ha): Dark red 
subsoil, hardsetting surface, occasional seasonal cracking. Massive Red Vertosol, Red Clay, Uf6.31. 
Irwin-2 (stony variant; 6,600 ha): Alkaline clay profile with olive brown (2.5Y 4/4) to brown (10YR 5/3) surface 
and brown (10YR 5/3) subsoil. Weakly pedal crumbly surface to hardsetting with few cracks. Epipedal Brown 
Vertosol. Low gilgai microrelief with much surface rock/gravel in patches. 
Representative profiles GIN0853; GTN0901 
Soil properties 
Drainage Moderate, due to good structure and external drainage. 
Nutrient availability High; alkaline subsoil may restrict availability of some nutrients. 
Rooting conditions Moderate to poor; effective rooting depth 100+ cm. 
Water storage Moderate; high clay will restrict available moisture in dry years. 
Workability Moderate; workable over restricted moisture range; hard when dry, boggy when 
wet. 
Degradation risks 
Salinity Low; moderate for poorly drained areas at base of gentle slopes. 
Subsoil compaction Low, traffic pan not evident. 
Surface structure decline Moderate to low; structured surface may set hard. 
Water erosion Moderate on long gentle slopes below exposed breakaway (scarp) faces. 
Water repellence Low. 
Wind erosion Low. 
L a n d  management 
Can sustain continuous cropping with appropriate management. Pasture phases would aid structure through 
addition of organic matter. Earthworks needed to control water erosion on sloping country. 
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Ile 'Iv F9(01 Series Yeltow sandy earth 
Firm, yellowish brown clayey sand over gravelly light sandy clay loam 
Area:  63,400 ha (3.1%) in survey 
Landform:  Long gentle slopes o f  broad valleys, east o f  the Darling Fault 
Vegetation: Acacia—Casuarina scrub including Acacia acuminata, Allocasuarina campestris, C. acutivalvis 
with malice Eucalyptus eudesmioides, E. leptopoda and E. oleosa 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range of  properties) 
Surface Firm to hardsetting. 
A l l  Yellowish brown (10YR 5/4, 5/6, 5/8) to strong 
brown and dark brown (7.5YR 4/6, 3/4, 4/4) 
loamy fine to medium sand to clayey sand; weak; 
single grained; sandy fabric; few (0-10%) 
rounded laterite gravel, 2-10 m m  and some 
quartz grit; acid to weakly acid (pH 5.0-6.5). 
A3c Strong brown to yellowish brown (7.5YR 4/6, 
5/6, 5/8, 10YR 5/6, 5/8) clayey sand; firm; single 
grained; sandy to earthy fabric; few (0-15%) 
rounded laterite gravel, fine to  medium 2-20 mm 
and some quartz grit; acid (pH 4.5-5.5). 
B2wc Strong brown to yellowish brown (7.5YR 4/6, 
5/6, 5/8, 10YR 5/6, 5/8) clayey sand to light 
sandy clay loam; firm; single grained to massive; 
earthy fabric; moderately to very gravelly 
(40-70%) rounded to subangular laterite gravel 
(2-30 mm); very acid to acid (pH 5.0-5.5). 
Ccm On cemented laterite. 
Ferric-Petroferric Orthic Tenosol 
Siliceous Sand 
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A horizon may contain no gravel or 20 to 50% gravel on gentle rises. A l2 ,  B2 textures sandy clay loam. 
Representative profiles GTN0583, GTN1416 (see Appendix 4) 
Soil properties 
Drainage Well drained. 
Nutrient availability Low; low organic matter, acid reaction trend, sandy. Phosphate can be absorbed 
by laterite gravel in subsoil; leaching o f  nutrients is not a significant problem. 
Rooting conditions Moderate; effective rooting depth 50 to  120 cm, restricted by gravel and laterite. 
Water storage Low; limited by low clay content. 
Workability Good; workable over a wide moisture range. 
Degradation risks 
Salinity Low; soil not usual in valley floors or drainage depressions. 
Subsoil compaction Moderate; potential problems in A3c horizon. 
Surface structure decline Moderate; organic matter loss can lead to looser surface and higher wind erosion. 
Water erosion Moderate; sheet erosion possible on long gentle slopes. 
Water repellence Moderate, under native vegetation. 
Wind erosion Moderate. 
Land management 
Maintain plant cover over summer to  reduce wind erosion risk. Direct drill in cropping program. 
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Kopreoa Soil S91133 Red loamy earth 
Hardsetting, red-brown gritty sandy loam over clay on granite 
Area: 25,800 ha (1.2%) in survey 
Landform: Undulating low hills and rises with granite outcrop common; quartz and other surface rock 
fragments 
Vegetation: Acacia acuminata, A. rostellifera, Hakea preissii scrub with Eucalyptus loxophleba 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Hardsetting. 
Al Dark brown to dark reddish brown (7.5YR 3/4, 
4/4, 5YR 3/4) gritty sandy loam; massive; 
sandy fabric; acid to weakly acid (pH 5.5-6.5). 
A3 Dark red to reddish brown (2.5YR 3/6, 5YR 
4/3, 4/4) gritty light sandy clay loam to sandy 
clay loam; massive, earthy fabric; weakly acid 
to neutral (pH 6.0-7.0). 
B2t Yellowish red to yellowish brown (5YR 4/6, 
10YR 5/4, 5/6) gritty sandy clay to light 
medium clay; massive to moderate structure; 
neutral (pH 7.0). 
Cr Granite, granulite, saprolite (weathered rock). 
Eutrophic Red or Brown Kandosol 
No suitable group 
Dy2.52 
B2 horizon may be absent on upper slopes and rises. 
Variant Haplic Eutrokphic Brown Kandosol 
Representative profile GTN1402 (see Appendix 4) 
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Soil properties 
Drainage Moderately well drained. 
Nutrient availability; Moderate. 
Rooting conditions Moderate; effective rooting depth 50 to 100+ cm. 
Water storage Moderate; limited by depth of soil in shallow phases. 
Workability Good; workable over a range of moisture. 
Degradation risks 
Salinity Low; streams are brackish. 
Subsoil compaction Moderate. 
Surface structure decline Moderate; hardsetting surface common. 
Water erosion Moderate; high for shallow duplex phases. 
Water repellence Low. 
Wind erosion Low, due to hardsetting surface. 
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L a n d  management 
Earthworks required to control water erosion. Direct drill and introduce pasture phases in cropping program to 
maintain soil structure and reduce hardsetting condition. 
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Koolan'I'AP . r "  Series St_ ff-frp_dching crp ._1,e! clay 
Gilgai surface, dark reddish brown to grey light clay grading to alkaline, structured medium to heavy clay 
Area: 2,600 ha (0.1%) in survey 
Landform: Level to  gently undulating terrain and lower slopes 
Vegetation: Scattered Eucalyptus salmonophloia 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Cracking to self-mulching; melon hole/crabhole 
gilgai microrelief. 
A l  Strong brown (7.5YR 4/6) light to light-medium 
clay; moderate blocky to strong polyhedral 
structure; alkaline (pH 8.0-9.0). 
Self-mulching Brown Vertosol 
Grey and Brown Clay 
Ug5.3 
B2k Greyish brown (2.5Y 5/2) to strong brown (7.5YR 
4/6) light to  heavy clay; moderate to strong 
subangular blocky to lenticular structure; soft 
carbonates may be present; alkaline (pH 8.0-9.0). 
Granite. 
Al 
B2k 
Subsoil colours may  tend to reddish and yellowish brown. 
Small amounts o f  quartz grit in  profile, some profiles stony (<20%). R 
Variant Epipedal Brown Vertosol 
Reference profile GTN1417 (see Appendix 4) 
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Soil properties 
Drainage Moderate; soils accept considerable water before cracks close after swelling of 
clay. 
Moisture availability Moderate; high clay will restrict available moisture in dry years. 
Nutrient availability High; alkaline subsoil may restrict availability o f  some nutrients. 
Rooting conditions Moderate to  poor; effective rooting depth 100+ cm. 
Workability Poor; workable over a restricted moisture range; hard when dry, boggy when wet. 
Degradation risks 
Salinity Moderate; high in lower slope positions. 
Subsoil compaction Low. 
Surface structure decline High; structure may degrade to coarse blocky under continuous cultivation. 
Water erosion Low. 
Water repellence Low. 
Wind erosion Low. 
Land management 
Degraded areas may respond to gypsum. Avoid continuous cropping. Work at appropriate soil moisture 
content. 
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La::!..c.L.:,7°3ciI ZI7Jtt;,2 loclAy earth 
Hardsetting, reddish brown sandy loam over sandy clay loam over red clay 
Area: 2,300 ha (0.1%) in survey 
Landform: Alluvial flats and very gently inclined slopes in Irwin Sub-basin 
Vegetation: Eucalyptus loxophleba woodland with Acacia acuminata and other Acacia spp., Hakea preissii 
and H. recurva 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Hardsetting. 
Al Dark reddish brown to dark red (5YR 3/4, 
2.5YR 3/4, 3/6) clayey sand to sandy 
loam; massive; earthy fabric; weakly acid 
(pH 6.0). 
Blw Dark red to red (2.5YR 3/6 4/8) sandy 
clay loam; massive; earthy fabric; weakly 
acid (pH 6.0). 
B2t Red (2.5YR 4/6, 4/8) light to medium 
clay; weak to moderate structure; weakly 
acid to alkaline (pH 6.0-8.5). 
Eutrophic Red Dermosol 
Red-brown Earth 
Dr2.13, Dr2.12 
Surface textures range from clayey sand to light sandy loam. B1 pH 
B2t 
may range from 6.5 to 8.5. Red-brown hardpan may underlie clay B2 
horizon i.e. Duric Red Dermosol variant. 
Representative profile GTN0868 
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Soil properties 
Drainage Moderately well drained; low waterlogging risk, moderately thick loamy surface 
soils are well drained in most years. 
Nutrient availability Moderately high; clayey subsoils provide significant nutrient store. 
Rooting conditions Moderate; effective rooting depth 120+ cm, restricted by clay. 
Water storage High. 
Workability Good; easy to work over a range of moisture. 
Degradation risks 
Salinity Moderate in low lying areas. 
Subsoil compaction Moderate; traffic pan may develop. 
Surface structure decline Moderately low; low organic matter results in hardsetting A horizons. 
Water erosion Low. 
Water repellence Low. 
Wind erosion Moderate. 
Land  management 
Direct drill operations recommended. Retain stubble and several pasture phases in cropping program to 
maintain soil structure and reduce hardsetting surface. 
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Matte' 9 Soil Series Loainy gravel 
Hardsetting, dark brown gravelly sandy loam over sandy clay on cemented laterite 
Area:  12,900 ha (0.6%) in survey 
Landform:  Mid to upper slopes below laterite ridges in gently undulating to moderately dissected country 
V e g e t a t i o n :  Acacia, Melaleuca, Allocasuarina scrub with occasional Eucalyptus loxophleba 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range of  properties) 
Surface Hardsetting. 
A l c  Strong brown to dark brown (7.5YR 4/6, 10YR 
4/3); clayey sand to sandy loam; massive; sandy 
fabric; many (20-60%) laterite gravels, 2-30 mm; 
weakly acidic (pH 6.0-6.5). 
B2tc Strong brown to yellowish brown (7.5YR 5/4, 
5/6, 5/8,10YR 5/4, 5/6, 5/8) clay loam to  sandy 
clay; massive; earthy fabric; abundant (40-70%) 
rounded laterite gravel, 2-40 mm; acid to  weakly 
acid (pH 5.5-6.5). 
Ccm Cemented laterite gravel. 
Petroferric Brown Chromosol 
Lateritic Podzolic Soil 
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A l  may be reddish brown (5YR 4/4). A l  1 may be  sandy clay loam. 
B2 may be reddish brown (2.5YR 4/4) or yellowish red (5YR 4/6, 5/6). Clayey B horizon may extend to 80 cm. 
Representative profile GTN1523 
Soil properties 
Drainage Moderate; poorer in flat areas or where run-on occurs. 
Nutrient availability Moderate, limited by acid subsoils. 
Rooting conditions Moderate to  poor; effective rooting depth 30 to 50 cm, restricted by gravel and 
depth to laterite. 
Water storage Low; limited by depth o f  soil. 
Workability Fair; workable over a moderate moisture range. 
Degradation risks 
Salinity Slight; poorer drained areas can develop problems. 
Subsoil compaction Moderate; traffic pan can develop at top o f  B2 horizon. 
Surface structure decline Moderate; prone to  increased hardsetting due to low organic matter. 
Water erosion Low; moderate on long slopes. 
Water repellence Low. 
Wind erosion Low; generally not a problem. 
Land  management 
Maintain surface cover. Protect surface from erosion and structure degradation as soil is prone to hardsetting. 
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Menai Soil Series Red deep sand 
Loose to firm, red to reddish brown sand over limestone at variable depth 
Area: 4,100 ha (0.2%) in survey 
Landform: Gently undulating swales and lower slopes; found back from steep western margins of the Tamala 
System north of Geraldton 
Vegetation: Acacia—Banksia scrub, mainly A. rostellifera and B. prionotes; other notable species include 
Melaleuca cardiophylla and Eucalyptus obtusiflora south of Geraldton 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Loose to soft. 
Al Dusky red to dark reddish brown (2.5YR 3/2, 
3/4) loamy medium to coarse sand; loose to 
very weak; single grained; sandy fabric; 
weakly acid to neutral (pH 6.5-7.5). 
B2w Red (2.5YR 4/6, 3/6) loamy sand to clayey 
sand in deeper phases, very weak; single 
grained; sandy fabric; neutral to weakly 
alkaline (pH 7.0-8.0). 
R Limestone; variable in depth due to karst 
structure. 
Lithic Orthic Tenosol 
Siliceous Sand 
Uc5.11 
In Ta2, Menai is reddish brown loamy sand over yellowish red clayey 
sand over limestone at variable depth. 
Representative profiles GTN0060, REFGTN7 
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Soil properties 
Drainage Well drained; houses often placed on elevated units of Menai Series in Greenough 
back flats to reduce flood risk. 
Nutrient availability Low, due to low clay content; moderate nutrient retention. 
Rooting conditions Good; effective rooting depth about 1 m, variable due to limestone. 
Water storage Low. 
Workability Good; workable over a wide moisture range. 
Degradation risks 
Salinity Slight. 
Subsoil compaction Low; traffic pan not evident. 
Surface structure decline Low; loose surface can develop. 
Water erosion Low, due to high infiltration rates. 
Water repellence Low; more common on soil with soft surface. 
Wind erosion High, due to loose sandy surface. 
L a n d  management 
Maintain plant cover over summer. 
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Mind 3 Soil Serie,: Red-brown hardpan shallcom loam 
Hardsetting, reddish brown sandy loam over sandy clay loam with red-brown hardpan at moderate depth 
Area:  215,800 ha  (10.5%) in survey 
Landform:  Level to very gently inclined lower slopes and gentle valley slopes 
Vegetation: Eucalyptus loxophleba woodland 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Duric Red Kandosol 
Red and Brown Hardpan 
Gn2.1, Dr4.5 
Description (range o f  properties) 
Surface Hardsetting. 
A l  1 Dark reddish brown to dark red (2.5YR 3/4, 5YR 
3/4, 2.5YR 3/6) sandy loam; massive; sandy to 
earthy fabric; acid to  neutral (pH 5.5-7.5). 
A l 2  Dark reddish brown to  dark red (2.5YR 3/4, 3/6) 
light sandy clay loam to sandy clay loam; massive; 
earthy fabric; weakly acid to neutral (pH 6.0-7.0). 
B2w Red to dark red (2.5YR 4/6, 4/8, 3/6, 1OR 4/6, 3/6) 
sandy clay loam to clay loam; massive; earthy 
fabric; acid to neutral (pH 5.5-7.0). 
C m  Red-brown hardpan. 
All 
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Depth to red-brown hardpan varies (often within paddock). 
A l 2  horizon may be  absent. Hardpan may be replaced by cemented calcareous material. Manganese gravel, 
red-brown hardpan fragments and quartz grit are often present. 
Variants:  Mindage-1 (heavy textured variant; 22,400 ha): Sandy clay loam A horizon over light-medium clay. 
Mindage-2 (Mindage manganese gravel variant; 2,300 ha): Red sandy loam with manganese gravel throughout. 
Representative profiles REFGTN6, GTN1420, GTN1407 (Mindage-1, see Appendix 4) 
S o i l  properties 
Drainage Moderately well drained; heavy phases and run-on areas poorer. 
Nutrient availability Moderate. 
Rooting conditions Good to moderate; effective rooting depth 30 to 60 cm, restricted b y  hardpan. 
Water storage Moderate; limited by  soil depth. 
Workability Fair; workable over a moderate range o f  moisture. 
Degradation risks 
Salinity High in areas; rising groundwater is a problem on valley floors. 
Subsoil compaction Moderate; traffic pan may develop. 
Surface structure decline Moderate; surface often hardsetting. 
Water erosion Moderate; overland flow down long gentle slopes can lead to sheet erosion; 
channelling o f  water down roads and fences can cause gullies down to hardpan. 
Water repellence Low. 
Wind erosion Low, due to hardsetting surface and loamy texture. 
L a n d  management 
Earthworks may be required to control water erosion. Retain stubble, minimum tillage and pasture phases in 
cropping program to maintain surface structure and reduce hardsetting nature o f  soil. 
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I l i l c a  Soil Series Red loamy earth 
Hardsetting, red sandy loam grading to clay loam over red-brown hardpan 
Area: 63,700 ha (3.1%) in survey 
Landform: Level plains to very gently inclined lower slopes at the base of broad valleys 
Vegetation: Tall open woodland of  Eucalyptus salmonophloia and E. loxophleba 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Dude Red Kandosol 
Red and Brown Hardpan 
Dr2.5, Um5.31 (Morawa-2) 
Description (range o f  properties) 
Surface Hardsetting. 
Al  Dark reddish brown to red (2.5YR 3/4, 4/6) clayey 
medium to coarse sand to sandy loam; massive; 
sandy fabric; few (0-15%) quartz and manganese 
gravels, 2-6 mm; weakly acid (pH 6.0). 
B2w Red to dark red (2.5YR 4/8, 3/6) light sandy clay 
loam increasing to clay loam with depth; massive; 
earthy fabric; (0-30%) quartz and manganese gravel, 
2-20 mm; acid to neutral (pH 5.5-7.0). 
Cm Red-brown hardpan. 
Phases and variants Morawa-1 (gravelly variant; 11,300 ha): 
Loam over clay with manganese gravel throughout the profile. 
Morawa-2 (heavy surface phase; 6,200 ha): Sandy clay loam 
surface horizon, B2 often alkaline, pH 8.0 to 9.0. 
Morawa-3 (clayey phase; 2,800 ha): Loamy A over clayey B 
horizon. 
Representative profiles GTN1334, REFGTN13 (Morawa-1) 
Al 
B2w 
Soil properties 
Drainage Moderately well drained to moderate for run-on areas in low positions. 
Nutrient availability Moderately high. 
Rooting conditions Moderate; effective rooting depth 60 to 140 cm, restricted by hardpan. 
Water storage Moderately high, limited by depth of soil. 
Workability Fair; workable over moderate moisture range; boggy after rain. 
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Degradation risks 
Salinity High in areas; rising groundwater can be a problem on valley floors. 
Subsoil compaction Moderate; traffic pan may develop at top of B2 horizon. 
Surface structure decline Moderate; loss of surface organic matter results in decline and hardsetting surface. 
Water erosion Low; sheet erosion can be a problem on long gentle slopes. 
Water repellence Low. 
Wind erosion Low, due to hardsetting surface and loamy texture. 
Land  management 
Maintain organic matter levels and soil structure to reduce hardsetting condition. Retain stubble, use minimum 
tillage and pasture phases in cropping programs. Earthworks may be required to control erosion and overland 
flow of water. 
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More( Ser1gs Grey shallow sandy durex 
Soft to hardsetting, yellowish brown to greyish brown clayey sand over mottled sandy clay 
Area: 21,300 ha (1.0%) in survey 
Landform: Gently inclined footslopes and isolated mesas in the Chapman Valley 
Vegetation: Melaleuca spp. and Allocasuarina huegeliana woodland 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Mottled-Subnatric Yellow Sodosol 
Yellow Podzolic Soil 
Dr5.62, Dr4.52 
Description (range of  properties) 
Surface Soft to  hardsetting. 
A l  Dark greyish brown to dark brown and dark 
yellowish brown (10YR 4/2, 3/3, 4/3) loamy medium 
to coarse sand; very weak to weak; single grained; 
sandy fabric; weakly acid to neutral (pH 6.0-7.0). 
A3 Yellowish brown (10YR 5/4, 5/6) to yellowish red 
(5YR 5/8) loamy medium to coarse sand to clayey 
sand; very weak to weak; single grained; sandy 
fabric; weakly acid (pH 6.0-6.5). 
B2t Brownish yellow (10YR 6/6, 6/8) to red (2.5YR 4/8) 
sandy clay to sandy light medium clay; massive to 
moderate structure; smooth faced peds; sandy fabric; 
neutral (pH 7.0). 
A horizon depth varies, typically 10-40 cm. Significant areas show 
poor drainage, characterised by  red, grey and pale brown mottles in 
B2 horizon. Some lateritic gravels at base o f  A horizons. 
Variants Mottled-Subnatric Red Sodosol, Mottled-Subnatric Brown Sodosol 
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Soil properties 
Drainage Moderate; impaired drainage with shallow clay subsoils (<30 cm) and significant 
run-on o f  water. 
Nutrient availability Moderate to low; subsoil clays are poorly structured and may be sodic; deeper 
sandy phases prone to nutrient leaching losses. 
Rooting conditions Good to  moderate; effective rooting depth 120+ cm, restricted by clay. 
Water storage Moderate; limited by  sandy topsoils and dense clay subsoils. 
Workability Good; workable over a wide moisture range, except for imperfectly drained sites. 
Degradation risks 
Salinity Slight; higher risk at run-on sites. 
Subsoil compaction Moderate; deep sandy phases with clayey sand A2 horizons may be susceptible. 
Surface structure decline Moderate; shallow phases are often hardsetting while deep sandy phases have 
loose to soft surfaces. 
Water erosion High, due to shallow subsoil and run-off from mesa sideslopes. 
Water repellence High, particularly on loose to soft deep sandy phases. 
Wind erosion Moderate; higher for deep sandy phases with loose to soft surfaces. 
Land management 
Earthworks needed to control water erosion. Work across the contour and maintain plant cover over summer 
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Mount Si:ri-7,ch Soil Series Red iallow loamy duplex 
Hardsetting to cracking, reddish brown sandy clay loam over light to medium clay 
Area: 15,700 ha (0.8%) in survey 
Landform: Undulating low hills often with stone on surface 
Vegetation: Hakea preissii and H. recurva with Acacia spp. and scattered Eucalyptus loxophleba 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Nodhcote 1979) 
Eutrophic Red Dermosol 
Red-brown Earth 
Dr2.13, Gn3.1 
Description (range o f  properties) 
Surface Hardsetting to cracking. 
Al Dark reddish brown (5YR 3/4) sandy loam to 
sandy clay loam; massive to weak structure; earthy 
fabric; few to common ferruginous sandstone 
rocks; weakly acid to neutral (pH 6.0-7.0). 
B2lt Reddish brown (5YR 4/4) sandy clay to light 
medium clay; weak to moderate structure; few to 
common ferruginous sandstone rocks; weakly acid 
(pH 6.5). 
B22t Reddish brown (5YR 4/4) sandy clay to medium 
clay; moderate structure, few to common 
ferruginous sandstone rocks; weakly alkaline to 
alkaline (pH 7.5-8.5). 
Al textures may increase to clay loam in Durawarra and 
Yallabatharra Systems. Soil may be subplastic. 
Variant Mount Scratch-1 (shallow variant; 5,000 ha): Associated with sideslopes of Durawarra 
System; sandy loam over yellowish grey medium clay at 15 to 50 cm over weathered rock at 40 to 100 cm. 
Representative profile GTN0912 
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Soil properties 
Drainage Moderately well drained. 
Nutrient availability Moderate to high. 
Rooting conditions Moderate; effective soil depth 100+ cm, restricted by clay and rock. 
Water storage Moderate; high clay content limits available moisture in dry years. 
Workability Fair; clay loam surface restricts access after moderate rains; problem with surface 
rocks. 
Degradation risks 
Salinity Low. 
Subsoil compaction Low. 
Surface structure decline Low; reduced organic matter may increase hardsetting properties. 
Water erosion Moderate to high; run-off from breakaways can lead to gully erosion (Yandanooka 
System). 
Water repellence Low. 
Wind erosion Low, due to structured to hardsefting clayey surface. 
L a n d  management 
Earthworks required to control water erosion. Direct drill on contour and establish pasture phases to maintain 
organic matter and structure. 
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Mullingrrrp Soil Series Red deep sandy duplex 
Hardsetting, dark reddish brown gritty clayey sand over clay on gneiss 
Area:  4,100 ha (0.2%) in survey 
Landform: Gently undulating to low hills 
Vegetation: Acacia scrub with A. acuminata, Eucalyptus loxophleba, Hakea preissii and H. recurva 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Hardsetting. 
A l l  Dark reddish brown (5YR 3/4) clayey 
medium coarse to gritty sand; massive; 
sandy fabric; few angular quartz 
fragments; weakly acid (pH 6.0-6.5). 
A3 Reddish brown (5YR 4/3, 4/4) clayey 
gritty sand to sandy clay loam; massive; 
earthy fabric; few angular quartz and 
gneiss fragments; weakly acid 
(pH 6.0-6.5). 
B2t Brown to reddish brown (10YR 5/3, 5YR 
5/4); light to light-medium clay, mica 
throughout; weak to  moderate structure; 
few angular quartz and gneiss fragments; 
neutral to alkaline (pH 7.0-8.5). 
Cr  Weathered granite. 
Mesotrophic Red Chromosol 
Non-calcic Brown Soil 
Dy3.12, Dy3.13 
Al 1 
A3 
B2t 
•••••••••••••••• 
CM 
0 
10 
20 
• * / * • / / • / / ; / . /  '7 . /e." , . /?*  • 
/ 2 . , . / . / . )  • " • 
: e . : / / . /  • • — — 40 
000 
0001 
0100. 1•0101 0 0 0 0  1000 
-+ 
++ 
+ + - f  -I- 
+ + + + + 80 
+ + + + + + 
+ + + + + + + + 
60 
+ + +  + +  + +  + - f  -F 
+ + + + + + + + + + + --100 
+ + + + +  -F-f- -F 
Cr + + + + + + + + + + +  • 
+ + + + + + + + + + + 120 
B2 horizon may be mottled. 
Phase Mullingarra-1 (shallow phase; red shallow sandy duplex, 1,400 ha): Shallow and stony on ridges and 
steeper dissected slopes (>10%). Thin or absent B2 horizon. 
Representative profile GTN0831 
Soil properties 
Drainage Moderately well drained; lower lying areas moderate, moderate waterlogging. 
Nutrient availability Moderate. 
Rooting conditions Moderate; effective soil depth 60 to 100+ cm, restricted by  rock. 
Water storage Moderate; limited by soil depth in shallow phases. 
Workability Good to fair; workable over a range o f  moisture; steep rocky terrain and shallow 
soils limit access and workability for significant areas. 
Degradation risks 
Salinity Slight; drainage lines brackish. 
Subsoil compaction Moderate; traffic pan may develop. 
Surface structure decline Moderate; organic matter loss compounds hardsetting surface. 
Water erosion Moderate to high; run-off from rocky ridges adds significant water leading to 
gully erosion. 
Water repellence Low. 
Wind erosion Low, due to  hardsetting surface and gritty textures. 
L a n d  management 
Earthworks may be  required to control water erosion and run-on from rocky areas. Organic matter should be 
maintained in surface and stubble retained to maintain soil structure and reduce hardsetting. 
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,13bbeja Soil Series Pale shallow sand 
Loose, grey sand over bleached sand over cemented laterite gravel 
Area: 14,600 ha (0.7%) in survey 
Landform: Gently undulating sandplain, dissected at margins 
Vegetation: Scrub heath on lateritic sandplain: Xanthorrhoea, Drvandra and Acacia spp. and scattered Nuytsia 
floribunda 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace etal. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range of  properties) 
Surface Loose to soft. 
Al Dark grey to greyish brown (10YR 4/1, 5/2) 
medium to coarse sand to loamy sand; loose; 
single grained; sandy fabric; weakly acid 
(pH 6.0-6.5). 
A2e Pale brown to very pale brown (10YR 6/3, 
7/4) medium to coarse sand; loose; single 
grained; sandy fabric; weakly acid (pH 6.0- 
7.0); some irregular shaped laterite gravel and 
stones may be present. 
Ccm On cemented laterite. 
Petroferric Bleached-Leptic Tenosol 
Siliceous Sand 
Uc2.12 
Representative proffies GTN0972, GTN1404 (related soil) 
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Soil properties 
Drainage Rapid. 
Nutrient availability Very low due to very low clay content; low nutrient retention. 
Rooting conditions Good; effective rooting depth 60 to 80 cm; restricted by cemented laterite. 
Water storage Very low due to coarse texture, low organic matter and restricted depth. 
Workability Good, over a range of moisture; vehicle access difficult when dry. 
Degradation risks 
Salinity Slight. 
Subsoil compaction Low. 
Surface structure decline High; wind erosion hazard may increase as organic matter declines. 
Water erosion Low, due to high infiltration rates. 
Water repellence High. 
Wind erosion High, due to loose sandy surface. 
L a n d  management 
Maintain surface cover against high wind erosion hazard. Permanent pasture or lupins are recommended. 
Legumes may increase non-wetting condition. 
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Northampton Soil Serks Red sh__Now loamy duplex 
Hardsetting, red-brown stony sandy loam over sandy clay loam on granulite 
Area:  85,400 ha (4.1%) in survey 
Landform:  Hillcrests and ridges in an undulating landscape; rock outcrop common, often with many  surface 
quartz and rock fragments 
Vegetation: Acacia acuminata scrub with A. tetragonophylla, Hakea preissii and Allocasuarina huegeliana 
Classification 
Australian Soil Classification (Isbell 1996) Mesotrophic Red 
Great Soil Group (Stace et al. 1968) N o  suitable group 
Principal Profile Form (Northcote 1979) Dr2.52, Gn2.12 
Description (range o f  properties) 
Surface Hardsetting. 
Al A l  Dark reddish brown (5YR 3/4) loamy sand to 
sandy loam; massive; sandy fabric; many (20- 
50%) angular quartz and rock fragments; acid to 
weakly acid (pH 5.5-6.5). 
B2t Red to dark red (2.5YR 4/6, 3/6) light sandy clay B2t 
loam to sandy clay loam; massive; earthy fabric; 
many to  abundant (30-70%) angular quartz and 
rock fragments; weakly acid to  neutral 
(pH 6.5-7.0). 
Granulite. 
Yellowish red to red B horizon in Chapman Valley. 
Var i an t  Northampton-1 (shallow stony variant; red shallow loam, 
14,000 ha): Shallow with more stone and rocks. 
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Representative profiles GTN0427, GTN1424 (see Appendix 4) 
Soil properties 
Drainage Well drained. 
Nutrient availability Moderate. 
Rooting conditions Poor; effective rooting depth 40 to 80 cm, restricted by  rock fragments and depth 
to rock. 
Water storage Low; limited by  depth o f  soil. 
Workability Fair; surface rocks restrict agricultural operations. 
Degradation risks 
Salinity Slight. 
Subsoil compaction Moderate; traffic pan may develop. 
Surface structure decline Moderate; hardsetting surface common. 
Water erosion Moderate, due to low hilly terrain; significant run-off from shallow rocky areas. 
Water repellence Low. 
Wind erosion Low, due to  hardsetting rocky soil. 
L a n d  management 
Steep (>10%) and rocky areas (ridges and hills) should be left uncleared. Undulating country should have 
plant cover over summer with minimum tillage. 
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Northern Gully Soil Series Red shallow sandy duplex 
Hardsetting, gritty loamy sand over clay on granite 
Area: 37,600 ha (1.8%) in survey 
Landform: Undulating landscape with low hills and granite outcrops throughout 
Vegetation: Acacia and hakea scrub (Acacia acuminata, A. tetragonophylla, Hakea preissii, H. recurva) with 
few scattered Eucalyptus loxophleba and E. camaldulensis (in drainage lines) 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace etal. 1968) 
Principal Profile Form (Northcote 1979) 
Eutrophic Brown Chromosol 
Non-calcic Brown Soil 
Dy2.1, Dy2.5 
Description (range o f  properties) 
Surface Hardsetting. 
Al Dark reddish brown to dark yellowish brown 
(5YR 3/4, 10YR 3/3, 3/4) loamy gritty sand to 
sandy loam; massive; sandy fabric; acid to 
weakly acid (pH 5.5-6.0). 
B2t Red to light yellowish brown (2.5YR 4/6, 5/6, 
5/8, 10YR 6/4) sandy clay to medium clay; 
massive to moderate structure; neutral to 
strongly alkaline (pH 7.0-9.0). 
Granite. 
Subsoil colours range around yellowish brown. Soils with mottles or 
brownish grey subsoils often have alkaline B2 horizon. B2 may be 
absent on steep upper slopes and hillcrests. 
Representative profile GTN0294 
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Soil properties 
Drainage Moderately well to moderate in low positions. 
Nutrient availability Moderate; moderate nutrient retention. 
Rooting conditions Moderate; effective rooting depth 60 to 120 cm. 
Water storage Moderate; dense clay and depth to rock may limit available water. 
Workability Good; workable over a moderate moisture range; shallow clayey subsoils may 
become boggy after heavy rains. 
Degradation risks 
Salinity Low; streams often brackish. 
Water erosion Moderate; high for phases with shallow clayey subsoils. 
Wind erosion Moderate. 
Surface structure decline Moderate; hardsetting surface common. 
Subsoil compaction Traffic pan not evident. 
Water repellence Low. 
Land management 
Earthworks may be needed to control water erosion. Work across the contour. Direct drill crop and establish 
pasture phases to maintain soil structure. 
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Pinder Soil Series 
Soft to firm, dark yellowish brown acidic clayey sand 
Area: 41,400 ha  (2.0%) in survey 
Landform: Sandy soils on long gentle slopes in the north-east o f  the survey region 
Vegetation: Acacia shrubland, includes A. ramulosa, A. linophylla, A.. acuminata 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Yellow deep sand 
Arenic Orthic Tenosol 
Siliceous Sand 
Uc5.22 
Surface 
Al 
Bl 
B2w 
Soft to firm..cm 
Dark brown to yellowish brown (7.5YR 4/4, 
10YR 5/4, 5/6) fine to medium sand to loamy 
sand with some quartz grit; very weak; single 
grained; sandy fabric; acid to weakly acid (pH 
5.5-6.0). 
Strong brown to yellowish brown (7.5YR 4/6, 
5/6, 10YR 5/6, 5/8) clayey fine to medium 
sand; weak; single grained; sandy fabric; very 
acid to  acid (pH 5.0-5.5). 
Strong brown to brownish yellow (7.5YR 5/6,• 
5/8, 10YR 6/6, 6/8); clayey fine to medium 
sand; weak; single grained; sandy fabric; very 
acid to acid (pH 4.5-5.5). 
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Quartz grit may occur throughout profile. Minor amounts of 
lateritic gravel may be present in B2w. Reddish brown (5YR 4/4) to yellowish red phases can occur which are 
often less acidic. 
Representative profile GTN1408 (see Appendix 4) 
Soil properties 
Drainage Well drained. 
Nutrient availability Low; moderate nutrient retention, restricted by  pH and possible aluminium 
toxicity. 
Rooting conditions Good; effective rooting depth 150+ cm. 
Water storage Low, due to low clay content. 
Workability Good; workable over a range o f  moisture. 
Degradation risks 
Salinity Slight. 
Subsoil compaction Moderate; traffic pan may occur in B1 horizon. 
Surface structure decline Low; wind erosion may increase as organic matter falls. 
Water erosion Low, due to  high infiltration rates. 
Water repellence Low. 
Wind erosion High, due to soft surface with high fine sand fraction. 
Land management 
Maintain plant cover over summer months. Best left uncleared due to high groundwater recharge potential and 
very acid soil. 
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Quindalup Soil Series Calcareous deep sand 
Loose, grey over pale brown calcareous sand 
Area: 21,200 ha (1.0%) in survey 
Landform: Parabolic sand dunes, swales and gently undulating terrain 
Vegetation: Acacia rostellifera low woodland with Scaevola crassifolia, Stylobasium spathulatum, Olearia 
axillaris—Acacia rostellifera tall shrubland 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Loose to soft. 
Al Light brownish grey (10YR 6/2) fine 
medium sand; loose; single grained; sandy 
fabric; strongly alkaline (pH 8.5). 
Light yellowish brown (10YR 6/4) coarse 
sand; very weak, single grained; sandy 
fabric; strongly alkaline (pH 8.5). 
A thin compacted sand layer may occur at about 1 m. 
Representative profile GTN0251 
Shelly Rudosol 
Calcareous Sand 
Uc1.11,Uc5.11 
Al 
Soil properties 
Drainage Rapid. 
Nutrient availability Low; deficient in most nutrients. 
Rooting conditions Good; effective soil depth 200+ cm. 
Water storage Low. 
Workability Good; workableover a wide moisture range. 
• • • • • • • 
• • • 
• • • 
* * * * * *  • • • • • • • • • 
• •  
• 
• •  
. 
• •  
. 
• •  
• 
• •  • •  
• 
• •  • •  • 
• • •  • •  • •  • •  • • • • • •  • 
• •  
• 
. •  
• • •  • 
• •  
• 
. •  • . •  • • •  • 
. •  
• 
• • • • • • * 4 • • • • • • • 
• •  
• 
• •  
• 
• •  
• 
• •  
• 1 4 .  • 
• •  
• • •  • 
• •  • 
• • • • • • • • • • • • • • • • 
• •  • • •  • 
• •  • • •  • • •  • 
• •  
• • •  • 
• •  • 
• • •  • •  • •  • •  • • • • • •  • 
• •  
• 
• •  
• • •  • 
• •  
• 
• •  
• 
• •  
• 
• •  • 
• •  
• 
• • • • • • • • • • • • • • • • 
• •  
• • •  • 
• •  • •  • •  
• 
• •  
• 
• •  • 
• •  
• 
• • • • • • • 4 • • • • • • 4 
• •  • • •  • • •  • • •  • • •  • • •  • • •  • 
• •  • 
• • • • • • 4 • • • • • • • • • 
• •  
• 
• •  • • •  • • •  • • •  • 
• •  
• 
G .  • 
• •  
• 
• • • • • • • • • • • • • • • 4 
• 
• •  
• 
• •  
• • 
. .  
• • •  • 
• •  • 
• •  
• 
• • • • • • •  • •  • •  • •  • •  • 
• •  • • •  • • •  • • •  • • •  a .  • 
• •  • • •  • 
4 • • • • • • • • • • • • • • • 
• •  
• • •  • 
• •  
• 
• •  
• 
• •  
• 
0 .  
• 
• •  • 
• •  
• 
• • •  • •  •••••••• 
• •  
• 
• •  
• 
• •  
• • 
• •  
• • •  • •  • 
• •  
• 
a . . . 
Degradation risks 
Salinity Slight, due to high permeability; good deep drainage. 
Subsoil compaction Low; traffic pan not evident. 
Surface structure decline Low; loose surface. 
Water erosion Low. 
Water repellence High. 
Wind erosion High. 
Land management 
Control vehicle access. Exclude stock. I f  soil units are to be grazed, rates should be conservative and in winter 
only. 
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Rennie Soil Series 
Soft to hardsetting, brown gravelly sandy loam over cemented laterite 
Area: 26,500 ha  (1.3%) in survey 
Landform:  Level to gently inclined dissected sandplain, often on laterite-capped mesas 
Vegetation: Scrub heath o f  Acacia, Hakea, Allocasuarina spp. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace etal.  1968) 
Principal Profile Form (Northcote 1979) 
Description (range of properties) 
Surface Soft to hardsetting. 
A l e  Dark brown to dark yellowish brown (10YR 
4/3, 3/4, 4/4) sandy loam; very weak; single 
grained to  massive; sandy fabric; moderately 
gravelly (20-50%), subrounded laterite gravel 
2-20 mm; weakly acid to neutral (pH 6.0-7.0). 
B2wc Dark brown to yellowish brown (7.5YR 4/4, 
10YR 5/6, 5/8) light sandy clay loam to sandy 
clay loam; weak; single grained to massive; 
sandy to weak earthy fabric; moderately 
gravelly (20-50%), subrounded laterite gravel, 
2-20 mm; weakly acid to neutral (pH 6.0-7.0). 
Ccm Cemented laterite gravel. 
Loamy gravel 
Ferric-Petroferric Orthic Tenosol 
N o  suitable group 
Uc5.11, Gn2.42 
May occur over sandy clay subsoil on margins o f  some smaller 
mesas in Moresby System. Laterite duricrust may be <30 cm deep. 
Representative profile GTN0321 
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Soil properties 
Drainage Well drained; water may pond in depressions above shallow cemented laterite. 
Nutrient availability Low, limited by ironstone (laterite) gravel in profile. 
Rooting conditions Moderate; effective rooting depth 20 to 60 cm, restricted by  laterite gravel and 
depth to  laterite. 
Water storage Low to moderate; limited by depth o f  soil. 
Workability Good; easy to work over a wide range o f  moisture. 
Degradation risks 
Salinity Slight, due to  position and good drainage. 
Subsoil compaction Low; traffic pan development not evident. 
Surface structure decline Moderate; surface horizon may be hardsetting. 
Water erosion Moderate. 
Water repellence Low. 
Wind erosion Moderate. 
Land management 
Shallow phases (<30 cm) should be left uncleared. 
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Southgate Soil Series Calcareous deep sand 
Loose, greyish white to white calcareous sand 
Area: 7,100 ha (0.3%) in survey 
Landform: Foredunes, blowouts and dunefields, relic foreshore plains 
Vegetation: Medium to tall isolated shrubs of Atriplex isatidea, Nitraria billardierei and Scaevola crassifolia 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Al Very pale brown (10YR 7/3) fine to medium 
sand; loose; single grained; sandy fabric; 
strongly alkaline (pH 8.5). 
Very pale brown (10YR 7/4) fine to medium 
sand; loose; single grained; sandy fabric; 
strongly alkaline (pH 8.5). 
Representative profile GTN0250 
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Soil properties 
Drainage Rapid. 
Nutrient availability Very low; deficient in most nutrients. 
Rooting conditions Good; effective rooting depth 200+ cm. 
Water storage Low, due to low clay content and rapid internal drainage. 
Workability Good; workable over a wide moisture range; access limited to 4WD. 
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Degradation risks 
Salinity Moderate; high salt input through sea spray; subsoil may become saline below 
foreshore plain. 
Subsoil compaction Low. 
Surface structure decline Low; loose surface. 
Water erosion Low; high risk for foredunes. 
Water repellence Moderate. 
Wind erosion High. 
100 
Land management 
Exclude stock and off-road vehicles. Paths and tracks for access to beach through foredune should be aligned 
north-west away from strong southern sea breezes. 
149 
GERALDTON REGION LAND RESOURCES SURVEY 
Tabletop Soil Series Yellow sari;-  earth 
Loose, dark grey sand to yellow sand grading to yellow sandy clay loam at depth 
Area: 4,300 ha  (0.2%) in survey 
Landform: Gentle slopes o f  dissected sandplain 
Vegetation: Scrub heath or lateritic sandplain including Banksia, Allocasuarina, Acacia, Grevillea, 
Calothamnus spp. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Mesotrophic Yellow Kandosol 
Siliceous Sand 
Gn2.3, Dy5.8 
Description (range of  properties) 
Surface Loose to  soft. 
A l  Dark grey to  dark greyish brown (10YR 4/1, 
4/2) medium to coarse sand to loamy sand; 
loose; single grained; sandy fabric; neutral 
(pH 6.5-7.0). 
A2e Very pale brown to light yellowish brown to 
pale brown (10YR 7/3, 7/4, 6/3, 6/4) medium to 
coarse sand to loamy sand; loose to very weak 
single grained; sandy fabric; weakly acid to 
neutral (pH 6.0-7.0). 
A3 Yellow (10YR 7/6) medium to coarse sand; 
weak; single grained; sandy fabric; weakly acid 
to neutral (pH 6.0-7.0). 
B2wc Brownish yellow (10YR 6/6, 6/8) often with 
red, grey and orange mottles light sandy clay 
loam to  sandy clay loam; massive; earthy 
fabric; few to  many (5-35%) rounded to 
subangular lateritic gravel fragments 
2-40 mm; weakly acid to neutral (pH 6.0-7.0). 
A3 horizon may be absent. Lateritic gravel may be absent in B2 
which may not be mottled. 
Representative profile GTN0973 
Soil properties 
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Drainage Rapidly to  well drained. 
Nutrient availability Low; sandy surface horizons have low fertility and leach nutrients readily; clayey 
deep subsoil retains nutrients better. 
Rooting conditions Good; effective rooting depth 200+ cm. 
Water storage Moderate; limited by thick sandy A horizons. 
Workability Good; workable over a wide moisture range; two-wheel-drive access difficult dry. 
Degradation risks 
Salinity Low. 
Subsoil compaction Low. 
Surface structure decline Moderate; loss o f  organic matter can lead to loose erodible surfaces. 
Water erosion Low; due to  high infiltration rates. 
Water repellence Common. 
Wind erosion Sandy texture and loose surface expose soil to hazard. 
Land  management 
Maintain adequate cover to prevent wind erosion. 
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Tardun Soil Series Red shallow sandy duplex 
Hardsetting, dark reddish brown gritty clayey sand over clay on granite 
Area: 34,800 ha (1.7%) in survey 
Landform: Hillcrests and gentle slopes of gently undulating rises with occasional rock outcrop 
Vegetation: Acacia acuminata scrub and Allocasuarina—Melaleuca thicket 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace etal. 1968) 
Principal Profile Form (Northcote 1979) 
Mesotrophic Red Chromosol 
Grey-brown Podzolic Soil 
Dr, Dy, Db 
Description (range of  properties) 
Surface Hardsetting. 
Al Dark reddish brown to reddish brown (5YR 3/3, 3/4, 
4/3, 4/4) clayey medium to coarse to gritty sand; 
massive; sandy fabric; few (0-15%) angular quartz, Al 
granite and manganese gravel; acid to weakly acid 
(pH 5.5-6.5). A3 
A3 Red to yellowish red (2.5YR 4/6, 5YR 4/6) loamy 
medium to coarse to gritty sand to sandy loam; 
massive; weak; earthy fabric; few to common (0- B2t 
30%) angular quartz and granite gravel; weakly acid 
(pH 6.0-6.5). 
B2t Yellowish red (5YR 4/6), grey (5YR 5/1, 10YR 6/1 
brown (10YR 5/3, 4/3) to lightly yellowish brown 
(10YR 6/4) sandy to gritty light clay to medium clay, 
may contain quartz and granite rock fragments; Cr 
massive to moderate structure; weakly acid to neutral 
(pH 6.5-7.5). 
Cr On weathered granite. 
Rock fragments may be absent. Subsoils may be mottled. 
Variants Grey, Brown and Yellow Chromosols 
Representative profile GTN0675 
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Soil properties 
Drainage Moderately well drained; poorer drainage in areas of run-on. 
Nutrient availability Moderate; with moderate nutrient retention. 
Rooting conditions Moderate, effective rooting depth 30 to 60 cm, limited by depth to rock. 
Water storage Low; limited by soil depth. 
Workability Fair to good, workable over a moderate moisture range. 
Degradation risks 
Salinity Low; higher for poorly drained areas. 
Subsoil compaction Moderate; traffic pan may develop in Al horizon. 
Surface structure decline Moderate; loss of organic matter; hardsetting surface. 
Water erosion Moderate to high, due to shallow depth to dense clay and rock. 
Water repellence Low. 
Wind erosion Low, due to hardsetting gritty surface. 
Land management 
Stubble retention with direct drill operations to maintain soil structure. Earthworks often required to control 
water erosion due to run-on from shallow rocky areas. 
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Teakle Soil Series 
Loose to soft, yellowish brown sand over yellow clayey sand over limestone 
Area: 67,300 ha  (3.3%) in survey 
Landform: Gently undulating sandplain and low limestone hills 
Vegetation: Acacia—Banksia scrub dominated by  Acacia rostellifera and Banksia prionotes 
Classification 
Australian Soil Classification (Isbell 1996) Arenic Orthic Tenosol 
Great Soil Group (Stace etal .  1968) Siliceous Sand 
Principal Profile Form (Northcote 1979) Uc4.21 
Description (range of  properties) 
Surface Loose to soft. 
A l  Dark greyish brown to dark brown (10YR 4/2, 3/3) Al 
.... loamy medium to coarse sand; loose; single grained; . . . . .  . . . . . . sandy fabric; weakly acid to neutral (pH 6.0-7.0). . . . . .  • • • . • . • • • . • 
A2 Yellowish brown (10YR5/4) medium to coarse sand 
to loamy sand; very weak, single grained; sandy 
fabric; weakly acid to  neutral (pH 6.5-7.0). A2 
. . . B2w Brownish yellow (10YR6/6) loamy sand to clayey • . •• . • . •• 
sand at depth; weak; single grained; sandy fabric; 
weakly acid to  neutral (pH 6.5-7.0). 
On limestone rock at depth. 
. . . . . . . . . North o f  Geraldton, yellow sands on eastern margin have blown o v e r .  . . . . . . . . . . . • • • • • • •• • •• . •• . •• . •• . •• . • gravels and clays in small areas. • • • • • • • • • • • • • •• • •• • •• • •• • •• • • . . . . . . . . . . . Variant Teakle-1 (shallow variant; yellow shallow sand, 27,100 
ha): Limestone at <50 cm on ridges o f  undulating sandplain near B2w 
coast and relic dune lobes with much limestone outcrop; lower 
moisture and nutrient availability, impaired rooting depth, reduced 
workability due to rock outcrop, higher wind erosion hazard. 
Representative profile GTN1403 (see Appendix 4) 
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Soil properties 
Drainage Rapid to well drained. 
Nutrient availability Low; low clay and nutrient retention. 
Rooting conditions Good; effective depth 200+ cm, variable on hillcrests due to limestone. 
Water storage Low, due to coarse texture; very low for shallow variant. 
Workability Good; workable over a wide moisture range. 
Degradation risks 
Salinity Slight. 
Subsoil compaction Moderate; traffic pan may develop in upper A2 except on shallow variant. 
Surface structure decline Low; organic matter should be maintained to help prevent erosion. 
Water erosion 
Water repellence 
Wind erosion 
Low, due to high infiltration rates. 
Moderate; possible under lupins and legume-based pasture. 
High; very high for hillcrests where limestone occurs within 1 m. 
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Land management 
Rocky areas and ridges with shallow depth to limestone should not be cleared because o f  very high wind 
erosion hazard. Deeper sands should be kept in pasture, or stubble retained and direct drilled. Traffic pan may 
develop on better sands and may respond to deep ripping. 
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Udandarra Soil Series 
Hardsetting, shallow greyish brown stony sand 
Area: 2,600 ha (0.1%) in survey 
Landform: Rocky hardsetting greyish brown sands on narrow valley slopes 
Vegetation: Acacia acuminata scrub with Hakea preissii and H. recurva 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Firm to hardsetting. 
Al Dark greyish brown to dark yellowish 
brown (10YR 4/2, 4/4) gritty sand to 
loamy sand; weak; single grained to 
massive; sandy fabric; granite and quartz 
rock fragments common (10-20%); 
weakly acid (pH 6.0-6.5). 
B2w Brown to light yellowish brown (7.5YR 
4/6, 10YR 6/4) medium to coarse sand to 
clayey sand; weak; sandy fabric; rock 
fragments throughout, increasing on 
ridges; weakly acid (pH 6.0-6.5). 
Cr Weathered granite and quartzite. 
Representative profile GTN0942 
Paralithic Orthic Tenosol 
Lithosol 
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Soil properties 
Drainage Well drained, due to gently inclined terrain. 
Nutrient availability Low; limited by sandy nature. 
Rooting conditions Poor; average depth 30 to 35 cm, restricted by rock fragments and depth to rock. 
Water storage Low; limited by depth of soil and low clay content. 
Workability Fair to poor; restricted by abundant surface rock fragments. 
Degradation risks 
Salinity Low. 
Subsoil compaction Low. 
Surface structure decline Moderate; loss of organic matter will compound hardsetting problem. 
Water erosion Moderate, due to shallow depth to rock and inclined slopes. 
Water repellence Moderate; occurs where soil is deeper (50 to 80 cm). 
Wind erosion Low, due to hardsetting rocky surface. 
L a n d  management 
Retain stubble to maintain soil structure. Earthworks to control water erosion may be required. 
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Wilroy Soil Series Red-brown hardpan 
shallow loam 
Hardsetting, red clayey sand over light sandy clay loam with red-brown hardpan at shallow to moderate depth 
Area: 70,100 ha  (3.4%) in  survey 
Landform: Level to  very gently inclined lower slopes 
Vegetation: Eucalyptus loxophleba (mallee) on deep phases o f  soil; also shrubland o f  Acacia, Melaleuca and 
Hakea spp. 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace etal .  1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Hardsetting to firm. 
A Dark red to dark reddish brown (2.5YR 3/6, 3/4) 
clayey medium to coarse sand to  sandy loam; 
massive; sandy fabric; some manganiferous and 
quartz gravel; weakly acid (pH 6.0-6.5). 
B2w Dark red (10R 3/6, 2.5YR 3/6) sandy loam to 
light sandy clay loam; massive; earthy fabric; 
some manganiferous and quartz gravel; weakly 
acid to neutral (pH 6.5-7.5). 
C m  Red-brown hardpan. 
Depth to  red-brown hardpan may be 100 cm. 
Representative profile GTN0527 
Duric Red Kandosol 
Red and Brown Hardpan Soil 
Uc5.2, Gn2.12 
Al 
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Soil properties 
Drainage Well drained, poorly drained areas can occur on valley floors. 
Nutrient availability Moderate; soils respond to N and P fertilisers. 
Rooting conditions Good; effective rooting depth 30 to 60 cm, restricted by  red-brown hardpan. 
Water storage Low; limited by soil depth. 
Workability Good; can be worked over a wide moisture range. 
Degradation risks 
Salinity Slight; moderate in low landscape positions. 
Subsoil compaction Moderate, traffic pan may develop in upper part o f  B2 horizon. 
Surface structure decline Moderate; hardsetting surface common. 
Water erosion Moderate; sheet erosion by overland flow on long gentle slopes. 
Water repellence Low. 
Wind erosion Moderate. 
Land management 
Earthworks may be required to  control water erosion. Maintain organic matter levels through pasture phases 
and direct drill seed to reduce hardsetting nature o f  soil. 
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Wipanga Soil Series 
Hardsetting, yellowish brown gravelly sandy loam 
Area: 17,900 ha (0.9%) in survey 
Landform: Gently undulating low rises and upper slopes 
Classification 
Australian Soil Classification (Isbell 1996) 
Great Soil Group (Stace et al. 1968) 
Principal Profile Form (Northcote 1979) 
Description (range o f  properties) 
Surface Hardsetting. 
Ale Dark brown/strong brown to dark yellowish 
brown (7.5YR 4/4, 4/6, 10YR 4/4) clayey fine 
to medium sand to sandy loam; massive; sandy 
fabric, 10-40% subrounded laterite gravel (2-20 
mm) with some quartz grit; acid to weakly acid 
(pH 5.0-6.0). 
B2wc Yellowish brown to dark yellowish brown and 
strong brown (10YR 5/6, 5/8, 4/6, 7.5YR 4/6, 
5/6, 5/8) light sandy clay loam to sandy clay 
loam at depth; massive; sandy to earthy fabric; 
many to abundant (30-70%) subrounded to 
subangular laterite gravel (2-40 mm) increasing 
with depth; acid to weakly acid (pH 4.5-5.5). 
Ccm Cemented laterite. 
A horizon may contain >50% gravel. 
Reference profile 0TN1414 (see Appendix 4) 
Loamy gravel 
Petroferric Brown Kandosol 
(Gravelly) Brown Earth 
Gn1.21, Gn2.21 
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Soil properties 
Drainage Well drained to moderate for run-on areas. 
Nutrient availability Low, phosphorus can be limiting. 
Rooting conditions Moderate; effective soil depth 30 to 100+ cm, restricted by gravel and cemented 
laterite. 
Water storage Low; limited by high gravel content content. 
Workability Good; can be worked over a wide moisture range. 
Degradation risks 
Subsoil compaction Low, traffic pan not evident. 
Surface structure decline Moderate; hardsetting surface common. 
Water erosion Moderate; overland flow on gentle slopes; gullies can form in shallow cemented 
laterite areas. 
Water repellence Moderate. 
Wind erosion Low, due to hardsetting gravelly surface. 
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.-,71amed soils 
Some soils in the survey area have not been grouped into soil series. These unnamed soils are 
generally o f  little agricultural value, as they occur just below breakaways, are saline drainage 
lines, very stony, or eroded hillslopes. However they are important for environmental 
conservation and the need to avoid further degradation, hence have been listed and described. 
In total they occupy 80,550 ha or about 4% o f  the survey area and are listed in Table 13. 
Table 13: Areas and descriptions o f  unnamed soils in the survey area. 
Symbol Soil description A r e a  (ha) M a p  uni t  a n d  % o f  unit 
Ul Stony sands 3,600 Gentle rises in Ch  (85%) 
U2 Calcareous sand over alkaline clay 500 Lower slopes in Sw3 (25%) 
U3 Alkaline lacustrine deposits 200 Flat swampy areas in Sw3 (10%) 
U4 Stony sandy loams 23,100 Side and footslopes in K o l  (15%) 
Undulating hilly terrain M n l  (80%) 
Crests and ridges N a l  (55%) 
Gentle slopes below breakaway in Pe3 
(35%) 
Hillslopes, sideslopes in Cs (25%) 
U5 Stony to  sandy clay barns 700 Sideslopes and summits in M b l  (100%) 
Upper footslopes in Mb2 (15%) 
U6 Stony shale ridges 800 Low ridges in Nt3 (25%) 
U7 Uniform to gradational calcareous 
tine sandy barns 
1,600 Undulating terrain in Ms3 (40%) 
U8 Coarse sands 100 Hillslopes in Mg2 (70%) 
U9 Stony calcareous clay barns 2,500 Crests and ridges in Th  (20%) 
U10 Gradational red structured clays on 
dolerite 
12,400 Gentle to undulating terrain in N o l  (10%) 
Sul  (5%) 
Su2 (15%) 
Ull Eroded, rocky greyish brown clay 900 Eroded hillslopes in N t l  (20%) 
U12 Eroded silty clays 2,400 Gentle slopes in Nt3 (75%) 
U13 Fine sand to silt over clay 10,000 Lower slopes and drainage lines in Nt5 
(100%) 
Pediments and lower slopes in Ya (45%) 
Alluvial terraces in Y n l  (5%) 
River terraces in Yn3 (5%) 
U14 Saline sandy barns  and clay barns 22,000 Level to very gently inclined flats in  Sd2 
(10%) 
Lower slopes and open depressions in Sdl 
(100%) 
Sw2 (95%) 
Total 80,800 
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S i I  aosesoment 
Soil assessments are based on current knowledge of soil properties, distribution and behaviour. 
This information is then used to determine whether the soil is susceptible to degradation or is 
suitable for a particular use (land use interpretation). This assists land managers in making 
decisions. 
In this report the soil series are the basic units for land use interpretation. They have a 
restricted range of properties, providing a means for extrapolating knowledge of land 
behaviour to new areas with similar soils. The information provided below is based on the 
premise that the soil provides anchorage, air, water and nutrients for plants, and that 
minimising erosion is critical to maintaining a sustainable system. 
The method of soil assessment is based on information in Soilguide: A handbook for 
understanding and managing agricultural soils (Moore, in preparation). Further information 
was provided by the experience and work of advisers, researchers and farmers. The 
interpretations are based on current knowledge and provide guidance, but should be updated 
when new information is available. 
Soil pH units were determined by field kit which approximates to 1:5 soil:water pH. 
Soil assessment has been divided into two sections: 
• Soil properties provide information often required to make land management decisions. 
Soil properties are classified on objective measurements or inferences. 
• Susceptibility to land degradation provides an assessment on what could happen. It 
does not necessarily describe the current status, but the susceptibility of the soil to 
degradation. 
Increasing salinity can be a problem in some areas, usually low in the landscape where 
drainage is poor. 
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Soil properties 
Rooting conCtions 
This depends on the depth to a layer that physically restricts plant root growth such as 
hardpan, saprolite, bedrock or restrictive clay, and the texture o f  the soil closer to the surface. 
Technically soil depth is the thickness o f  the solum (Isbell 1996) but in this report soil depth is 
taken as the depth to a physical barrier. It does not consider all o f  the factors affecting plant 
growth, therefore should be considered as a maximum which will be reduced by physical 
factors (e.g. subsoil compaction) or chemical factors (e.g. an acidic or saline layer). Actual 
plant rooting depth depends on the plant's tolerance to factors such as pH and waterlogging, 
and the rooting characteristics o f  the crop or pasture species. 
Most soils in the Geraldton area have a rooting depth o f  80 to 150 cm. The deepest sandy 
soils (>150 cm) are Allanooka, Balline, Bootenal, Eradu, Eurangoa, Indarra, Quindalup, 
Southgate, Tabletop and Teakle. Soils in the 30 to 80 cm range whose effective rooting depth 
is limited by weathered rock such as granite or sandstone are Campbell, Canna, Fegan, 
Greywacke, Grima, Indar, Tardun, Udandarra. Cemented lateritic gravel is a restriction in 
Bluewell, Matteno, Nabbeja, Rennie; red-brown hardpans are a restriction in Mindage and 
Wilroy and there is a dense clay layer in Greenbrook. 
Water 
Soil water storage measures the ability o f  the soil to hold water that is available for plants. It 
will determine how long a plant is able to survive before more rain is required. A deep, loamy 
textured, structured soil will generally have the best available water. Plant available water is 
generally measured as water held in the soil between pressure levels o f  -10 and -1500 kPa 
(field capacity at wilting point). 
Water storage is primarily determined by soil porosity and permeability which determine how 
the water moves and is held in soil pore spaces. These spaces depend on the soil structure and 
texture. Soil water storage is calculated for the volume o f  soil from which plant roots are able 
to extract moisture. Maximum rooting depth varies considerably between plants therefore it 
should be calculated for a specific crop stating the depth. I f  this is not known, an arbitrary 
depth interval o f  1 m is used, or shallower i f  there is an impediment to growth before 1 m. 
Coarse sand textures and well structured soils have good hydraulic properties that move water 
from the surface and through the profile. Good water storage is found in soils with sandy loam 
to clay loam textures (10 to 35% clay). Retention for textures lighter than sandy loam will 
vary depending on the fine sand and silt component (the higher the better). A well structured 
soil will retain more moisture than a poorly structured soil with the same texture. 
Perched water storage can occur i f  there is a sharp texture contrast between soil layers 
(implying a permeability contrast). Note that this can also cause waterlogging. 
Most Geraldton soils have low water storage because o f  their sandy texture. Exceptions are 
Bootenal, Bowes and Lockier which have moderate to high storage. The clay soils (Fraser, 
Gnoolawa, Greenough, Irwin, Koolanooka, Mount Scratch) hold significant amounts o f  water 
but only moderate amounts will be available to plants as the pores are very small. 
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Nutrient availability 
This depends on the inherent fertility of the soil and its ability to retain nutrients applied as 
fertiliser in an accessible form for plants. It often relates to the pH, which can make some 
elements inaccessible if too alkaline or acidic. The cation exchange capacity (CEC) also 
provides an indication of the nutrient storage capacity and depends on clay content and clay 
mineralogy. 
Most soils are close to neutral (pH 5.5 to 8.5) sometimes becoming slightly more alkaline with 
depth. The most acid soil was Kelly with pH 5.5 to 6.0 at the surface, falling to 5.0 to 5.5 at 
depth. Irwin was the most alkaline, recording 7.0 to 8.5 at the surface, but rising to 9.5 in the 
lower B horizon where it was associated with some free lime. 
The most fertile soils are the alluvial soils near rivers, and clay soils including Bowes, Fraser, 
Irwin and Koolanooka. 
Many soils have low nutrient availability because of their low clay content so that applied 
fertiliser is leached rapidly beyond the root zone of plants. 
Drainage 
This describes the rate of water removal in most years. Poorly drained soils will have excess 
water in the root zone during wet periods, reducing root growth. Other problems caused by 
poor drainage include run-off causing soil erosion and flooding. 
Drainage is assessed on soil and site attributes. Soil attributes include structure, texture, 
porosity, colour and mottling. Site attributes include rainfall, evapotranspiration, gradient and 
length of slope, and position in the landscape. McDonald et al. 1990 divide soils into six 
classes from very poorly to rapidly drained. 
The sandy soils are well drained. A few such as Butterabby, Fraser, Greenough and 
Koolanooka are moderately well to imperfectly drained and may experience short periods of 
waterlogging when they occur on alluvial plains and closed depressions. Rainfall is low, 
therefore soils with drainage problems are not expected to severely limit plant growth. 
Workability 
This refers to the ease with which the soil can be cultivated or tilled. A soil with a poor 
workability rating is susceptible to problems that may affect seedbed preparation. Generally, 
sandy soils are easier to work than clayey soils and well structured surfaces are better than 
massive (e.g. hardsetting) ones. 
Workability is assessed on texture, site drainage, surface condition (structure), stone content, 
depth to rock and slope angle. These determine the length of time that the soil surface will 
remain within an appropriate moisture range for cultivation. Too many stones, the presence of 
rock outcrop, or shallow depth to rock are physical limitations to cultivation. There are three 
classes: good, fair and poor. Most soils were rated as good. Those rated as poor were Fraser, 
Gnoolawa, Greenough and Koolanooka. These soils had a narrow workability range becoming 
hard when dry and boggy when wet. 
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ptibility to land CagrLt.,_1[3n 
Salinity 
Salinity problems can occur on all soils. Assessment o f  susceptibility to salinisation is not 
made here because it is often related to the landscape position and groundwater hydrology and 
is therefore a property o f  the mapping unit not the soil series. Assessment is limited to the 
current salt status o f  the soil. Plant growth is affected by high soluble salt content reducing the 
osmotic gradient between the plant roots and soil. This inhibits the uptake o f  water, although 
some plants are more tolerant than others. The extreme situation is a salt crust on the surface 
with no plant growth, which may occur close to salt lakes. 
Salinity can be divided into primary and secondary (dryland) salinity because o f  different 
causes. Primary salinity refers to soils that are saline in their natural state; secondary salinity 
describes soils that have become saline due to evaporation o f  saline groundwater from either a 
rise in the watertable or lateral seepage. 
Primary salinity is often related to soils with a slow hydraulic conductivity due to poor 
structure and a loam or heavier (>25% clay) texture. Sandy soils are more likely to provide 
opportunity for leaching out o f  salts. 
Secondary salinity can occur in any soil, depending on the watertable and the hydrology o f  the 
landscape. Electrical conductivity is used to measure the current salt content. 
Most Geraldton soils have low salinity except for Butterabby, Lockier, Koolanooka and 
Gnoolowa where levels rise to moderate or greater in lower positions in the landscape. 
Water repellence 
Water repellence or a non-wetting condition occurs mainly on sandy soils. This results in an 
uneven wetting pattern which may cause patchy seed germination. To be water repellent a soil 
requires sufficient hydrophobic organic matter to coat the particles. This can be supplied by 
legume crops and/or native vegetation. 
Susceptibility is linked to the surface area o f  the soil particles which the organic matter has to 
coat. As clay content increases the particle surface area increases. Clay particles have a 
surface area up to ten times that o f  sand and silt-sized particles. Susceptible soils tend to have 
a low clay content (<10%). A soil containing very little clay (<1%) and having a coarse sand 
texture is highly susceptible. 
Those soils with high incidence o f  water repellence include Allanooka, Balline, Bookara, 
Casuarina, Indarra, Heaton, Moresby, Pindar and Quindalup. It is also possible in Eurangoa 
and Kelly. 
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Surface structure cixfine 
Structural decline occurs in soils with loamy or clayey topsoils; sandy topsoils are usually 
structureless. It results in increased run-off, reduced water infiltration, a hardsetting surface 
and aeration and trafficability problems. It also reduce seedling emergence and soil water 
storage. Structural degradation occurs when aggregates are not stable against water and 
mechanical stress and degrade into primary soil particles. This results in a smaller pore size 
and less total pore space. 
Susceptibility is assessed from texture, electrical conductivity and exchangeable sodium 
percentage or sodium adsorption ratio. Soils at risk commonly have a sandy loam or heavier 
(>10% clay) texture. Chemical properties are used to assess whether the soil aggregates will 
disperse, indicating potentially unfavourable physical characteristics. 
Hardsetting surfaces can develop in Ajana, Bluewell, Bowes, Butterabby, Canna, Fegan, 
Gnoolawa, Greenbrook, Greenough, Greywacke, Grima, Indar, Irwin, Kojarena, Lockier, 
Matteno, Mindage, Morawa, Mount Scratch, Mullingarra, Northampton, Northern Gully, 
Rennie, Tardun, Udandarra and Wilroy Soil Series. 
Subsoil compaction 
Subsoil compaction is common on coarse textured (3 to 20% clay) soils. It results in 
decreased root penetration and root density, reducing access to moisture and nutrients, limiting 
growth. 
Compaction results in smaller soil pore size and pore space. It arises through applied stresses, 
commonly from vehicular traffic and trampling by stock. It is more likely to occur on moist 
soils. Most soils will compact, but highly susceptible soils are poorly structured, and have a 
well graded particle size distribution in the clayey sand to sandy loam texture classes. 
Because of low clay content this is a potential problem for many soils in the survey area. 
Water erosion 
Water erosion can occur on all soils. The removal of soil material and nutrients from a site, 
reduces sustainable plant growth at that site. Offsite pollution can occur where the sediments 
are deposited. 
Run-off and soil detachment are required for water erosion. Run-off can occur when the 
topographic factors (slope angle, length, form, run-on) encourage surface water to move. 
Run-off occurs when rainfall intensity exceeds the surface infiltration rate and/or when the 
surface soil water storage is exceeded and ponding occurs. Soil detachment depends on the 
texture, surface condition and the stability of soil aggregates. Medium textured (10 to 35% 
clay) soils, loose surfaces and unstable aggregates are highly susceptible to water erosion. A 
high risk occurs in Gnoolowa, Moresby, Northampton and Quindalup Soil Series and the 
foredunes of Southgate. Moderately susceptible soils are the Canna, Greywacke, Grima, 
Indar, Irwin, Kelly, Kojarena, Mount Scratch, Mullingarra, Northern Gully, Tardun, Udandarra 
and Wilroy Series. 
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Wind erosion 
Wind erosion can occur on all soils, if the surface is disturbed and becomes loose. Wind 
erosion can result in lower plant growth by sandblasting and plant nutrients carried with the 
dust into the atmosphere. Offsite pollution can also occur where the dust is deposited. The 
effects of wind erosion can be minimised by protecting the soil surface with trees, plants, 
stubble and other plant residue. 
Susceptibility is related to the level of  disturbance required to bring the soil to an erodable 
condition, not the amount of  soil loss. It will depend on the surface condition, texture and 
presence of  stones and gravels. A loose surface will be more susceptible than one that is firm 
or hardsetting. As texture becomes heavier (increase in clay) the soil generally becomes less 
susceptible to erosion. Gravels and stones reduce the amount of  surface exposed to the wind, 
and also create roughness which reduces the erosive velocity. 
Highly susceptible soils are those with a loose, sandy surface and include the Allanooka, 
Bookara, Casuarina, Eradu, Indarra, Nabbeja, Pindar, Quindalup and Teakle Soil Series. 
Strong winds and large areas ofsandy soil combine to make wind erosion a frequent hazard 
in the survey area, particularly in summer and autumn when natural vegetative cover is 
reduced. 
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it D33114 
Adamellite: A form of granite with roughly equal amounts of calcium and potassium-bearing 
minerals. 
Alluvial deposits: Material transported by rivers and deposited on alluvial plains. 
Amphibolite: A metamorphic rock composed mainly of amphibole generally with an oriented 
fabric. Amphiboles are silica-rich rocks with typical formula Mg7Si8022(0f1)2. 
Apedal: Soil with no observable peds. See single grained and massive. 
Archaean: Used to represent the same period of time as Precambrian. 
Arenite: Another term for sedimentary rocks with particle size from .06 to 2.0 mm. 
Calcarenite: A form of calcrete, made of limestone rock fragments .06 to 2.0 mm. 
Calcrete: Any cemented terrestrial carbonate accumulation, usually calcium or magnesium 
carbonate. 
CEC (Cation exchange capacity): The total amount of exchangeable cations that a soil can 
absorb being made up of calcium, magnesium, potassium, sodium, aluminum and 
hydrogen. CEC affects soil properties and behaviour, stability of structure, the 
availability of some nutrients for plant growth and soil pH. 
Chert: Very fine crystal structure of silica which may be organic or inorganic in origin. 
Clay: Soil particles <0.002 mm. 
Coarse fragments: Particles >2 mm, but not segregations of pedogenic origin (formed in soil 
profile). 
Coarse sand: Particles from 0.6 to 2.0 mm; has a similar feel to raw sugar. 
Coherent: A condition where two-thirds of the soil material, whether or not composed of 
peds, will remain united at the given moisture state unless force is applied. 
Colluvial deposits: Weathered material transported by gravity. 
Conglomerate: A group of sedimentary rocks with particles greater than 2 mm which are 
rounded and subrounded. 
Cracking surface: Cracks at least 5 min wide and extending upwards to the surface or to the 
base of any plough layer or thin (<0.03 m) surface horizon. 
Diorite: A coarse grained plutonic intermediate igneous rock, usually dark grey. 
Dolerite: A medium grained basic igneous rock that has crystallised near the surface. 
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Dolomite: Material dominated by magnesium carbonate. 
Drainage: How water drains from the soil profile. Rapid drainage will cause water to move 
past the root zone in a short period limiting water uptake by the plant, while slow 
drainage will cause the soil profile to become saturated with water. A saturated profile 
will exclude most o f  the oxygen from the soil which leads to root cell death and greatly 
reduced uptake o f  moisture by the plant. Drainage depends on landscape position 
(controls external drainage and run-on), permeability o f  soil (texture, structure and 
distribution o f  pore spaces) and impediments in the profile to water movement such as 
hardpan and rock. 
Very poorly drained: Water is removed soil so slowly that the watertable remains at or near 
the surface for most o f  the year. 
Poorly drained: Water is removed very slowly in relation to supply, all horizons remain 
wet for several months. 
Imperfectly drained: Water is removed slowly in relation to supply. Some horizons may be 
mottled and remain wet for several weeks. 
Moderately well drained: Water is removed from the soil somewhat slowly in relation to 
supply. Some horizons may remain wet for one week after water addition. 
Well drained: Water is removed from the soil readily but not rapidly. The soils are often 
medium in texture with some horizons remaining wet for several days. 
Rapidly drained: Water is removed from the soil rapidly in relation to supply. Soils are 
usually coarse textured or shallow and no horizon is normally wet for more than 
several hours. 
Earthy fabric: The soil material is coherent and characterised by the presence o f  pores and 
few i f  any peds. 
Eluvial deposit: Weathered material which is still at or near its place o f  formation. 
Aeolian deposit: Material transported by the wind. 
Fabric: Describes the appearance o f  the soil material (under x10 hand lens). See Earthy 
fabric, Sandy fabric. 
Ferruginous gravel: Gravel which is dominantly composed o f  iron-rich materials; also known 
as ironstone and laterite gravel. 
Fine sand: Particles from 0.06 to 0.1 mm, just visible with the naked eye and which feel 
similar to coarse flour or table salt. 
Firm surface: Coherent mass o f  individual particles or aggregates. Surface disturbed or 
indented by moderate pressure o f  forefinger. 
Fluvial deposits: Sedimentary material deposited in shallow fresh water bodies such as rivers, 
lakes. 
Gabbro: A coarse grained basic igneous rock. 
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Garnet: Crystal often found in metamorphic rocks (i.e. garnet granulite). 
Geosyncline: Major structural unit in the earth's crust. A very deep elongated sedimentary 
basin. 
Gneiss: Banded rocks formed through high grade regional metamorphism. 
Granite: A coarse-grained igneous rock consisting essentially of quartz (20-40%), an alkali 
(feldspar) and very commonly a mica (biotite/muscovite). 
Granulite: A metamorphic rock of regional origin having granular texture; usually consists of 
feldspars, pyroxenes and garnets. 
Greywacke: Sedimentary rock that consists of fine to coarse, angular to subangular fragments 
cemented with finer material. 
Great Soil Group: A soil classification by Stace etal. 1968. 
Hardsetting: Compact, hard, apparently apedal condition formed on drying but which softens 
on wetting. When dry, the material is hard below any surface crust or flake, and is not 
disturbed or indented by pressure of the forefinger. 
Holocene: Period of time from the last ice age to the present. 
Horizons: Layers within a soil profile which have morphological properties different from 
those above and below (Northcote 1979). 
Alluvial deposits: That part of the soil profile formed from accumulation of leached minerals. 
Incoherent: A condition where less than two-thirds of the soil material, whether composed of 
peds or not, will remain united at the given moisture state without significant force. 
Indurated layer: Layer of material hardened by cementation or pressure. 
Jasper: A red very fine grained silica rock, similar to chert. 
Kankar: A form of calcrete, made of limestone fragments >2 mm ??? 
Laterite (lateritic duricrust): Residual deposits formed in past tropical environments under 
climatic extremes of wet and dry seasons throughout the year. Leaching of the profile 
removes sodium, potassium, calcium and magnesium ions. Iron oxides remain to form a 
hardened and cemented layer. 
Lithified: Term used to describe conversion of loose material to massive rock. 
Loam: A medium textured soil of approximate composition 10 to 25% clay, 25 to 50% silt 
and <50% sand. 
Loose: Incoherent mass of individual particles or aggregates. Surface easily disturbed by 
pressure of forefinger. 
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Massive : Apedal coherent soil. When disturbed, soil separates into fragments which may be 
crushed to ultimate particles. 
Medium sand: Particles from 0.2 to 0.6 mm, which can be seen easily and feel similar to white 
sugar. 
Metasedimentary: Rocks o f  sedimentary origin that have undergone varying grades of 
heating and pressure to form metamorphic type rocks. 
Migmatite: Rock composed o f  two sources: the host rock (inevitably metamorphic) and 
granitic material which may take the form o f  1) magma, 2) a hydrothermal solution and 
3) indefinite diffusion o f  material through the host rock. The migmatites o f  the 
Northampton Block are a mechanical mixture o f  granulite and porphyritic granite. 
Moisture availability: This is a measure or rating o f  the amount o f  moisture held in the soil 
which is available to the plant. It is defined as the difference between the field capacity 
o f  the soil and the wilting point. Field capacity occurs when the soil's large pores (>30 
microns) have drained but when all the small pores and capillary channels are still filled 
with water. Wilting point is when the soil is dry to the point where the plants can extract 
no more water. Soil texture has the greatest effect on availability o f  water to the plant. 
The availability o f  moisture generally has the greatest effect on yield for most soils in the 
wheatbelt. 
Nutrient availability: The ability o f  a soil to retain and supply nutrients for plant growth. 
Depends on the content and type o f  clay, organic matter content and pH. 
Palaeodrainage: Drainage system and deposits which are not part o f  present day alluvial 
processes (relic drainage systems). 
Pallid zone: White to pink kaolinitic clay often found under lateritic gravel. 
pH: Soil pH is a measure o f  the acidity or alkalinity. A pH o f  7 denotes a neutral soil with a 
log scale o f  increasing alkalinity o f  p H  7 to 14 and a log scale o f  increasing acidity o f  pH 
7 to 1 (most soils have a pH range o f  4 to 10) Each unit change in pH doubles the 
acidity or alkalinity. 
Phanerozoic: That period o f  time during which sediments have accumulated that contain many 
remains o f  plants and animals. Used to describe stratigraphic systems from the Cambrian 
to the Quaternary Periods. 
Phenocrysts: The relatively large crystals found in a finer grained matrix o f  a rock.. 
Porphyritic: A texture term which describes igneous rocks containing relatively large crystals 
set in a finer matrix. 
PPF (Principal Profile Form): The term given to the end point in the Northcote factual key 
soil classification. 
Quartzite: Thermally or regional metamorphosed rocks o f  sedimentary origin rich in silica. 
The original grains recrystallise to form an interlocked mosaic texture with little or no 
trace o f  cementation. 
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Radiolarite: From radiolaria, a group of marine planktonic animals composed of silica. 
Rooting condition: Refers to the soil volume available for plant roots and the mechanical 
impedance to root development. Soil volume can be reduced by rock and gravel content, 
by dense pans and clay layers. Different plants have varying ability to explore the soil 
profile. Restrictions to root growth reduce moisture and nutrient availability. 
Salinity: The build-up of soluble salts, especially sodium chloride, within the profile. High salt 
levels in the soil water increase the osmotic pressure and the plant's ability to take up 
moisture. Salinity in the soil profile can come from rising saline groundwater and by 
addition of water which has generally low to moderate levels of salt, which is 
concentrated as the water evaporates. 
Sandy fabric: The soil material is coherent, with few if any peds. The closely packed sand 
grains provide the characteristic appearance of the soil mass. 
Self-mulching surface: Strongly pedal loose surface mulch forms on wetting and drying. 
Peds commonly <5 min in least dimension. 
Shale: A group of sedimentary rocks formed in water environment which have bedding planes 
and a particle size <1/16 mm. 
Silcrete: Strongly indurated siliceous material. 
Siltstone: A group of sedimentary rocks formed in water which have a silt sized particle range. 
Soft surface: Coherent mass of individual particles of aggregates. Surface easily disturbed by 
pressure of forefinger. 
Soil-landscape system: An area, or group of areas, throughout which there is a recurring 
pattern of topography, soil and vegetation. 
Soil workability: The ability to use machinery to manage the soil surface. Heavy textured 
soils and shallow texture contrast soils may become boggy, which restricts access for 
seeding and spraying. Traction may be a problem on deep sandy soils with loose 
surfaces. Surface rock and gravel and steep slopes will also affect soil workability. 
Spillway sands: Sands found below breakaways in dissected sandplain, usually white to pale 
yellow. 
Structure: The distinctness, size and shape of peds. A ped is an individual natural soil 
aggregate consisting of a cluster of primary particles, and separated from adjoining peds 
by surfaces of weakness which are recognisable as natural voids or by the occurrence of 
cutans. A soil has either no structure (i.e. apedal) or a grade of pedality listed below: 
Weak: Peds indistinct and barely observable in undisplaced soil. When displaced, up to 
one-third of the soil material consists of peds. 
Moderate: Peds well formed and evident but not distinct in undisplaced soil. Adhesion 
between peds is moderate to strong. When displaced, more than one-thirds of the 
soil material consists of peds. 
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Strong: Peds quite distinct in undisplaced soil. Adhesion between peds is moderate to 
weak. When displaced more than two thirds o f  the soil material consists o f  peds. 
Subsoil compaction: Potential for development o f  traffic compaction pan below the surface, 
usually 10 to 30 cm deep. Pan restricts root growth into the subsoil which limits growth. 
Pan development occurs mainly on sandy textured soils. Yield response can be obtained 
on some soils by deep ripping to break the traffic pan. 
Surface condition: Describes the natural surface condition o f  the topsoil as listed. See self- 
mulching, loose, soft, firm, hardsetting. 
Surface structure decline: Potential for soil surface to have lower level o f  structure or pedal 
aggregation. Clay soils may have peds that are destroyed to leave massive and cloddy 
soils often due to cultivation or trampling by stock under adverse moisture conditions. 
Sandy soils can lose organic matter that reduce binding to increase the wind erosion 
hazard. 
Synform: General term for a basin-type fold in the earth's crust. 
Tillite: Material (rocks o f  various size) deposited after the retreat o f  glaciers and ice sheets, 
often with distinctive scratch and scour markings. 
Tuff: Volcanic ash which has consolidated, generally with fragments <2 cm. 
Ultramafic: Igneous rocks consisting essentially o f  ferromagnesian minerals (iron or 
magnesium) to the virtual exclusion o f  quartz and feldspars. 
Vitreous: Refers to the character o f  the light reflected by minerals i.e. glass-like. 
Water erosion hazard: Potential for sheet, rill or gully erosion to occur on a land surface. 
The land surface is prone to erosion when cultivated and/or when little or no vegetative 
cover is present. Land management to suit site conditions can prevent most occurrences 
o f  water erosion. Erosion hazard depends on soil erodibility, slope gradient, rainfall 
(intensity and amount), run-on received and ground cover. 
Water repellence: Potential for soil surface to resist wetting. Condition usually occurs on 
sandy soils with low clay content. Waxy coatings from plant residues coat sand grains 
that cause water to bead on the soil surface and run off. 
Well sorted: Used to describe particles which have been sorted by natural processes to a 
narrow range o f  sizes, as opposed to poorly sorted material which has a wide range, 
i.e. fine to coarse sand. 
Wind erosion hazard: Potential for a land surface to erode by the action o f  wind. 
Appropriate land management and ground cover will protect the soil surface. Depends 
on soil erodibility, exposure to the wind and ground cover. Erodibility is dependent on 
particle size and soil structure with loose, structureless soils most at risk. 
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taiical and common names of native vegetation 
Botanical name Common name Botanical name Common name 
Acacia acuminata Jam Eremophila clarkei Turpentine bush 
Acacia grasbyi Miniritchie Eucalyptus camaldulensis River red gum 
Acacia lasiocarpa Panjang Eucalyptus ebbanoensis Sandplain mallee 
Acacia ligulata Umbrella bush Eucalyptus erythrocotys Illyarrie 
Acacia murrayana Sandplain wattle Eucalyptus loxophleba York gum 
Acacia neurophylla Wodjil Eucalyptus obtusiflora Dongara mallee 
Acacia quadrimarginea Granite wattle Eucalyptus oleosa Giant mallee 
Acacia ramulosa Horse mulga, bowgada Eucalyptus salmonophloia Salmon gum 
Acacia rostellifera Black wattle Eucalyptus 
transcontinentalis 
Redwood 
Acacia tetragonophylla Kurara, curara Gastrolobium oxylobioides Champion Bay poison 
Actinostrobus arenarius Sandplain cypress Grevillea stenostachya 
Adenanthos cygnorum Common woollybush Hakea preissii Needlebush 
Allocasuarina acutivalvis Sheoak Hakea pycnoneura 
Allocasuarina campestris Tamar Isopogon divergens Spreading coneflower 
Allocasuarina dielsiana Northern sheoak Melaleuca acerosa Coastal honeymyrtle 
Allocasuarina huegeliana Rock sheoak Melaleuca cardiophylla Tangling melaleuca 
Atriplex vesicaria Bladder saltbush Melaleuca eleuterostachya 
Baeckea sp. Melaleuca huegelii Chenille honeymyrtle 
Banksia attenuata Slender banksia Melaleuca megacephala 
Banksia menziesii Firewood banksia Melaleuca nematophylla Wiry honeymyrtle 
Banksia prionotes Acorn banksia Melaleuca radula Graceful honeymyrtle 
Banksia sceptrum Sceptre banksia Melaleuca rhaphiophylla Swamp paperbark 
Borya sp. Pincushions Melaleuca steedmannii 
Bursaria sp. Native box Melaleuca thyoides 
Callitris columettaris White cypress Melaleuca uncinata Broombush 
Calothamnus sp. Bottlebrush Nuytsia floribunda Christmas tree 
Cassia nemophila Desert cassia Ptilotus obovatus Cotton bush 
Casuarina obesa Swamp sheoak Scaevola sp. 
Dodonaea inaequifolia Hopbush Verticordia penicillaris 
Dodonaea sp. Hopbush Xylomelum angustifolium Sandplain woody pear 
Diyandra ashbyi Dryandra 
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Appeidlix 2 
A l J t r i g i n a l  place names and words 
Aboriginal words may have several meanings. Few records are available for the study area and 
those listed are the best estimate from a number of sources. 
Allanooka: Alla dog(s), nooka hill i.e. hill of dogs 
Bininu (Binnu): Place of emus 
Boodegarri: (Aboriginal name for Glengarry) Boode/boole - white cockatoo, garri - spring 
Bookara: A kangaroo skin bag in which babies are carried on women's backs 
Bootenal: Pelican, from boolignul (pelican) a spring on the front Greeenough flats 
Dalgooka: Probably from the dalgite or bandicoot 
Dthungara: Thunga hair seal, arra place of (later Anglicised-Dongara); also upside down or 
hearing all the time 
Durawarra: Possible corruption of dthoorie - red ochre, warra - place of 
Gnoolowa: Crying place 
Kockatea Spring: Kockatea crow 
Kojarena: Koja - stone axe, place of stone axe. There are many water-washed stones which 
may have been used for making axes. 
Koolanooka: Hill of wild turkeys 
Minna-noo Spring: (Mingenew) minna ants, noo or nooka hill 
Morawa: Name for the delgite, a small marsupial which burrows in the earth 
Mulga: Hard 
Mulwala (Mullewa): Place of the mist or fog 
Nabawah: Camp far away 
Nangerwalla: Narnga - black duck; walla - egg. 
Narngulu: Wild duck, from Narnga, the black duck 
Narratarra: Narra/gnurra camp, tarra peak or hill 
Noolagabbi: Ngoola - to cry; gabbi - water - crying water 
Peterwangy: From pedawangi where peda means all day and wangy to talk i.e. to talk all day 
Pindar: Sandplain country 
Quinbalup (Quindalup): A happy place 
Telewangy Gully: Teler to listen, wangi to talk; the gully where the decisions of the elders 
were told to the tribes 
Thindindahwah: Dthininda - them or those people, wa - place of; place of those other people 
Utakarra: Yoota - two, carra - with 
Wagawa: Camp place 
Wittacarra: Two springs 
Wollya: Drawings such as on rock or bark 
Yandanooka: Yanda coming, nooka hills, i.e. hills in sight 
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P. 
y ;teL 3 and relatia.. 
lix 3 
Ihysiogri regior ; 
Physiographic region Soil-landscape systems, outliers in ( ) 
PERTH BASIN 
Arrowsmith Mount Homer, Allanooka, Munja, Mount Adams, Irwin, (Casuarina) 
Chapman Northampton, Sugarloaf, Moresby, Durawarra, Casuarina, (Greenough) 
Dandaragan Plateau Eradu, Casuarina, (Mount Homer) 
Lockier Nangetty, Yandanooka, Mount Budd, Mullingarra, Mount Scratch, 
Coalseam, (Binnu), (Irwin) 
Swan Coastal Plain Tamala, Quindalup, Greenough Alluvium, Irwin 
Victoria Plateau Binnu, Eradu, Casuarina, Dartmoor, Ogilvie, Badgedong, Bindoo, 
Greenough, (Mount Homer), (Munja) 
Yarra Yarra Saline Drainage 
CARNAR VON BASIN 
Balline Tamala, Quindalup, Swamp, (Murchison) 
Chapman Ajana, Binnu 
Victoria Plateau Binnu, Dartmoor, (Greenough) 
Wittecarra Balline, Yallabatharra, Urina, Wollya, Binnu, Wittecarra, 
Christmas Hill, Murchison 
YILGARN CRATON Noolagabbi, Saline Drainage, Pindar, Morawa, Peterwangy, , 
Indar, 
Koolanooka, Bowgarder, Cookes 
Peterwangy [1], Warreno, Mullewa, Nangerwalla, Thindindawah, 
Fegan, Coalseam 
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4 
Definition of the soil series 
A soil series is a defined taxonomic unit. The definition uses soil properties (morphological, 
chemical, physical and mineralogical), not environmental characteristics (climate, 
vegetation, surface slope); spatial distribution is shown by the mapping unit. The soil series 
description is a standardised presentation of information on the soil series. 
Definition 
The definition must specify all essential criteria and may in addition specify optional criteria. 
Essential criteria 
1. Australian classification (Isbell 1996) to subgroup 
2. Texture group cross-referenced to depth and contrast 
sand, loam, clay, gravel, organic soil, substrate 
<30 cm, 30 to 80 cm, >80 cm 
grading to..., over..., on.. .(substrate) 
3. Soil parent material 
4. Essential diagnostic or genetic horizons 
Optional criteria 
5. Additional depth intervals <15 cm, >150 cm 
6. Fine texture differences (if this changes interpretation) 
7. Drainage class (McDonald etal. 1990, pp. 151-152) 
8. Permeability profile (based on hydraulic conductivity data) 
Representative profiles of soils 
Representative samples were taken and analysed from the most important soil series. In some 
cases a composite surface sample of the top 10 cm was also tested and these results are 
marked *. Profiles designated REFGTN were investigated by McArthur (1991). 
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13 Soil Series 
Representative profile 
Profile no. GTN1404 
Australian Soil Classification Basic Arenic Rudosol 
Location A M G  240046mE, 6892674mN, zone 50 
Landform Level sandplain 
Pa ren t  material 
Surface condition Loose 
Dra inage  Rapidly drained 
L a n d  use Cropping to lupins 
Morphological description 
Horizon Depth  (cm) Description 
A l l  0-15 Dark grey (10YR 4/1 moist) coarse sand; water repellent; loose; sandy fabric; 
very few (<2%) 2-6 m m  angular quartz; abrupt boundary. 
A l 2  15-30 Light brownish grey (10YR 6/2 moist) coarse sand; loose sandy fabric; very few 
(<2%) 2-6 m m  angular quartz; clear boundary. 
A2e 30-80 Very pale brown (10YR 7/4 moist) coarse sand; loose; sandy fabric; very few 
(<2%) 2-6 m m  angular quartz; gradual boundary. 
A31 80-125 Yellow (10YR 7/6 moist) heavy coarse sand; loose; sandy fabric; very few 
(<2%) 2-6 m m  angular quartz, 6-20 m m  rounded gravel; clear boundary. 
A32 125-150+ Brown (10YR 5/3 moist) coarse sand; massive; sandy fabric; very few (<2%) 2- 
6 m m  angular quartz, 2-6 m m  subrounded gravel. 
Chemical an  paysical analysis (<2 m m  fraction) 
Sample 
depth 
(cm) 
pH EC 
msim 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
El20 
1:5 
cacI2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 6.6 5.8 2 0.52 13.9 56.0 24.2 1.6 0.4 0.5 0.3 1.5 1.1 0.6 
0-15 6.3 5.6 3 0.38 18.4 54.8 19.9 1.3 0.3 0.5 0.4 2.3 1.4 0.8 
15-30 6.7 6.1 1 0.08 20.9 52.7 20,6 1.5 0.4 0.6 0.4 1.6 0.7 0.6 
30-50 6.5 6.0 1 0.03 15.6 44.5 26.4 4.2 1.3 1.8 1.3 3,1 1.3 0.5 
50-80 6.7 6.1 1 0.03 13.6 43.3 27.1 5.4 1.5 2.1 1.4 3.8 1.7 0.1 
80-125 6.8 6.0 1 0.04 19.7 38.9 19.3 6.2 2.3 3.4 2.4 5.0 1.7 1.1 
125-150 6.8 6.0 2 0.15 20.5 45.9 19,1 4.0 1.4 2.1 1.4 3.4 1.5 0.8 
Sample 
depth 
(cm) 
p 
Total 
(ppm) 
P 
PR) 
(mUg) 
P 
HCO3 
(ppm) 
K 
HCO3 
(ppm) 
Ca003 
(0/4) 
CEC 
NH4C1 
SIVY4 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-10* 0.1 2 <10 <0.02 2.28 0.21 <0.02 <0.02 0.04 
0-15 0.5 3 <10 <0.02 135 0.17 <0.02 <0.02 0.04 
15-30 0.2 3 <10 <0.02 0.32 0.04 <0.02 <0.02 <0.02 
30-50 0.4 <2 <10 <0.02 0.12 <0.02 <0.02 <0.02 <0.02 
50-80 0.1 <2 <10 <0.02 0.10 <0.02 <0.02 <0.02 <0.02 
80-125 1.1 <2 <10 <0.02 0.19 0.04 <0.02 <0.02 <0.02 
125-150 0.5 <2 <10 <0.02 0.68 0.10 <0.02 <0.02 <0.02 
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fo71. eries 
Representative profile 
Profile no. REFGTN8 
Australian Soil Classification Paralithic Chemic Tenosol 
Location AMG 274624mE, 6801809mN, zone 50 
Landform Upper slope of low ridge, western aspect, 5% slope 
Parent material Tamala limestone 
Surface condition Loose to soft 
Drainage Rapidly drained 
Land use Grazing by stock, no cultivation or fertiliser 
Morphological description 
Horizon Depth (cm) Description 
A l l  0-7 Very dark brown (10YR 2/2 moist) loamy sand; weak granular structure; sandy 
fabric; 8% limestone fragments; gradual boundary. 
Al2 7-15 Very dark brown (10YR 2/2 moist) loamy sand; weak granular structure; sandy 
fabric; 20% limestone rubble; 24% soft lime; clear boundary. 
Al 3 15-30 Very dark brown (10YR 2/2 moist) loamy sand; weak granular structure; sandy 
fabric; 20% limestone; 27% soft lime; sharp boundary. 
P. 30+ Massive limestone with travertine capping. 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
pH EC N Org C Particle size ('Yoof fine earth fraction) 
coarse sand tine sand silt clay 
(cm) H2O 
1:5 
CaCl2 
1:5 
mSim 
1:5 
total 
% 
W/B 
% 
0.2-20 
rMil 
0.02-0.2 
Inli 
0.002-0.02 
MM 
<0.002 
MM 
0-7 8.2 7.6 14 0.26 3.2 67 21 3 9 
7-15 8.3 7.7 12 0.24 2.9 73 16 2 9 
15-30 8.4 7.8 11 0.18 2.1 69 18 2 11 
Sample 
depth 
(cm) 
P 
Total 
ppm 
P 
PRI 
mUg 
P 
H003 
ppm 
K 
HCO3 
ppm 
CaCO3 
% 
CEC 
NH4CI 
me% 
Exchangeable cations 
me% 
Al Ca Mg Mn K Na 
0-7 540 12 76 11 9.2 0.7 0.1 <0.1 
7-15 480 7 53 11 9.8 0.7 0.1 <0.1 
15-30 520 7 41 9 7.9 0.6 <0.1 <0.1 
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BOI7CS .3i; Series 
(variant Bowes-1) 
Representative profile 
Profile no. GTN1401 
Australian Soil Classification Haptic Mesotrophic Red Chromosol 
Location Greenough Shire, A M G  273164 mE, 6813647 mN, zone 50 
Landforna Alluvial plain, slope <1% 
Parent material Alluvial material weathered from granulites and granites 
Surface condition Hardsetting, in places loose surface o f  medium to coarse sand 
Drainage Very slow run-off; moderately rapid infiltration; moderately well drained 
Land use Cereal cropping 
Mori hological description 
Horizon Depth (cm) Description 
A l l  0-13 Yellowish red (5YR 4/6 moist) clayey sand; massive; sandy fabric; dry; abrupt 
boundary. 
A l 2  13-37 Red (2.5YR 4/6 moist) clayey sand; massive; earthy fabric; dry; clear boundary. 
B21t 37-50 Dark red (2.5YR 3/6 moist) heavy sandy clay loam; massive; earthy fabric; dry; 
clear boundary. 
B22t 50-130 Dark red (2.5YR 3/6 moist) sandy clay; massive; earthy fabric. 
130+ Granulite. 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
(cm) 
pH EC 
mS/m 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (°/0 of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
cao2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 6.0 5.4 24 <1 0.87 1.4 2.7 6.6 7.5 2.5 2.7 3.8 20.9 23.6 28.4 
0-13 5.6 4.8 4 1 0.39 9.4 21.4 35.5 11.0 2.5 3.3 3.0 6.5 4.3 4.2 
13-37 5.6 4.5 2 1 0.17 11.7 24.1 33.4 8.3 1.7 2.3 2.0 4.5 5.1 6.9 
37-50 6.3 5.4 4 <1 0.11 6.6 15.1 24.9 7.6 1.8 2.5 2.3 5.7 5.9 27.6 
50-75 6.6 5.7 3 0.13 6.0 14.7 23.2 6.6 1.6 2.2 2.1 5.8 5.7 32.1 
75-90 7.1 6.2 5 0.08 3.7 10.4 16.8 4.7 1.2 1.9 2.2 8.2 6.8 44.0 
90-130 7.2 6.3 6 0.10 8.0 16.3 24.3 6.8 1.4 2.0 1.8 4.8 4.7 30.0 
Sample 
depth 
(cm) 
p 
Total 
(ppm) 
P PRI 
(mUg) 
P HCO3 
(ppm) 
K 
HCO3 
(ppm) 
Ca003 
(°/0) 
C EC 
NI-14C1 
OA 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-10* 37 24 >300 <0.02 5.44 3.58 0.25 0.64 0.81 
0-13 1.3 16 65 0.1 0.75 0.12 0.28 0.12 0.06 
13-37 3.5 13 86 0.17 0.77 0.16 0.20 0.15 0.03 
37-50 24 4 130 <0.02 2.36 0.91 0.05 0.24 0.12 
50-75 31 3 120 <0.02 2.63 1.43 0.02 0.23 0.14 
75-90 110 <2 140 <0.02 3.89 2.70 <0.02 0.26 0.29 
90-130 45 <2 140 <0.02 3.05 2.05 0.03 0.22 0.30 
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utiam::by Soil Series 
(variant Butterabby-1) 
Representative profile 
Profile no. GTN1419 
Australian Soil Classification Sodic Subplastic Red Chromosol 
Location AMG 350602mE, 6828538mN, zone 50 
Landform Level plain, 1% slope 
Parent material Alluvium 
Surface condition Hardsetting in paddock, soft under native vegetation 
Drainage Imperfectly drained 
Land use Cropping to cereals 
Morphological description 
Description 
Reddish brown (5YR 4/4 moist) clay loam; weak subangular blocky; rough-ped 
fabric; dry; few (2-10%) 6-20 mm angular quartz, 2-6 mm subangular 
manganese; moderately calcareous; abrupt boundary. 
Red (2.5YR 4/6 moist) light clay; strong 20-50 mm angular blocky peds parting 
to 10-20 nun polyhedral structure, smooth-ped fabric; dry; few (2-10%) 6-20 mm 
angular quartz, 2-6 mm subangular manganese; clear boundary. 
Red (2.5YR 4/6 moist) light clay; strong 10-20 mm polyhedral structure; smooth- 
ped fabric; moist; very few (<2%) 2-6 mm subangular manganese; clear 
boundary. 
Red (2.5YR 4/6 moist) light clay; moderate structure; smooth-ped fabric; moist; 
very few (<2%) 2-6 mm subangular manganese; 10% soft carbonate 
segregations; very highly calcareous; gradual boundary. 
Yellowish red (5YR 5/6 moist) light medium clay; moderate structure; smooth- 
ped fabric; moist; very highly calcareous; clear boundary. 
Yellowish red (5YR 5/6 moist) light clay; moderate structure; moist; very highly 
calcareous; gradual boundary. 
Horizon Depth (cm) 
Al 0-13 
B21t 13-30 
B22t 30-46 
B23tk 46-80 
B24tk 80-105 
B25tk 105-170+ 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
(cm) 
pH EC 
mS/m 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
CaCl2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 8.6 7.9 15 0.80 3.1 3.1 8.1 13.5 6.6 9.3 7.4 17.5 14.7 16.6 
0-13 8.6 7.9 15 0.79 3.7 3.5 8.0 13.4 6.3 8.8 7.0 16.4 13.5 19.3 
13-30 9.2 8.2 22 0.30 2.5 1.9 4.9 8.3 4.2 5.8 4,5 15.9 9.9 42,2 
30-46 9.6 8.6 62 0.18 2.6 2.6 5.5 8.6 4.2 6,1 4,8 16.5 8.1 41.1 
46-80 9.5 8.6 130 0.14 1.9 2.7 6.2 8.2 3.7 5.4 4.3 13.9 17.9 35.8 
80-105 9.4 8.5 160 0.10 1.9 2.3 5.5 7.8 3.6 5.1 4.1 10.1 19,6 40.0 
105-135 9.3 8.5 190 0,07 2,8 2.9 6.2 8.2 3.8 5.5 4,4 11.3 14.0 40.9 
135-170 9.2 8.5 210 0.07 3.0 2.8 6.4 8.4 3.9 5.9 4.5 11.3 12.9 40.9 
Sample 
depth 
(cm) 
p 
Total 
(ppm) 
P 
PR) 
(mug) 
P 
HCO3 
(ppm) 
K 
HCO3 
(ppm) 
Ca008 
(%) 
CEO 
NMI 
(rr6P4 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-10* 12 30 >300 3 19 13.00 2.02 2.70 0.21 
0-13 13 19 >300 5 19 12.60 2.32 2.45 0.49 
13-30 32 2 >300 3 28 14.20 7.10 1.70 3.61 
30-46 27 2 260 5 26 6.49 8.90 1.11 7.60 
46-80 29 3 300 18 21 4.07 6.53 1.10 8.40 
80-105 38 <2 280 25 18 3.92 6.51 0.95 7.65 
105-135 34 <2 300 16 20 4.21 7.38 1.01 8.05 
135-170 34 <2 300 13 21 4.46 8.11 1.07 8,45 
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Canna Soil Series 
Representative pro:Ee 
Profile no. GTN1410 
Australian Soil Classification Paralithic Orthic Tenosol 
Location A M G  383583mE, 6830765mN, zone 50 
Landform Upper slope o f  gently undulating rise 
Pa ren t  material  Granite 
Surface condition Hardsetting 
Drainage Moderately well drained 
L a n d  use Cropping to cereals, grazing o f  annual pastures 
Morphological description 
Horizon Depth (cm) Description 
A l  0-11 Reddish brown (5YR 4/4 moist) sandy loam; massive; sandy fabric; dry; few (2- 
10%) 2-6 m m  angular quartz and granite; abrupt boundary. 
B21w 11-25 Yellowish red (5YR 4/6 moist) light sandy clay loam; massive; earthy fabric; dry; 
few to common (2-20%) 2-20 m m  angular quartz and granite; clear boundary. 
B22w 25-47 Yellowish red (5YR 4/6 moist) sandy clay loam, fine sandy; massive; earthy 
fabric; dry; few (2-10%) 2-6 m m  angular granite, many (20-50%) 6-20 mm 
angular granite. 
47+ Granite. 
Chemical and  physical analysis (<2 m m  fraction) 
Sample 
depth 
(cm) 
pH EC 
mS/m 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
CaCl2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 5.3 4.4 3 2 0.56 10.8 11.6 18.4 16.9 5.3 7.5 6.3 11.4 6.3 5.5 
0-11 5.3 4.4 3 2 0.56 11.1 12.3 18.9 16.5 5.7 7.9 5.7 10.9 5.6 5.4 
11-25 5.3 4.3 2 3 0.50 12.3 11.8 16.3 14.8 5.3 6.9 5.3 9.8 6.5 11.1 
25-47 5.7 4.6 2 <1 0.41 13.6 13.4 17,5 12.7 4.5 5.3 4.6 9.1 6.3 13.1 
Sample 
depth 
(cm) 
p 
Total 
(ppm) 
P 
PRI 
(m Ug) 
P 
HCO3 
(ppm) 
K 
HCO3 
(ppm) 
Ce003 
(%) 
CEC 
NH4C1 
lit?/4 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-10* 7.1 19 190 0,24 0.71 0.31 0.06 0.32 0.04 
0-11 6.1 21 180 0.23 0.69 0.31 0.06 0.34 0.03 
11-25 13 5 120 0.31 1.10 0.36 0.04 0.17 0.04 
25-47 10 <2 73 0.09 1.68 0.67 0.03 0.08 0.09 
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Ci7J7 farina Sc.71 Series 
(Variant Casuarina-1) 
Representative profile 
Profile no. GTN1426 
Australian Soil Classification Ferric Bleached-Orthic Tenosol 
Location AMG 305330mE, 6831023mN, zone 50 
Landform Gently undulating sandplain, 5% slope 
Parent material Weathered lateritic material 
Surface condition Loose to soft 
Drainage Well drained 
Land use Grazing o f  annual pastures by stock, cropping to cereals and lupins 
Morphological description 
Horizon Depth (cm) Description 
A l l  0-5 Grey (10YR 5/1 moist) sand; water repellent; loose; sandy fabric; few 
(2-10%) 2-6 m m  angular quartz, 2-6 m m  subangular lateritic; abrupt 
boundary. 
A l 2  5-10 Greyish brown (10YR 5/2 moist) sand; water repellent; loose; sandy fabric; 
few (2-10%) 2-6 m m  angular quartz, 2-6 m m  subangular lateritic; abrupt 
boundary. 
A2e 10-40 Very pale brown (10YR 7/3 moist) sand; loose; sandy fabric; few (2-10%) 
2-6 mm subangular, 6-20 mm subangular lateritic; abrupt boundary. 
A3c 60-80 Very pale brown (10YR 7/3 moist) sand; massive; sandy fabric; many 
(20-50%) 2-6 m m  subangular, many (20-50%) 6-20 m m  subangular laterite; 
abrupt wavy boundary. 
B2wc 110-130 Yellowish red (5YR 5/8 moist) sandy clay loam; massive; many (20-50%) 
2-6 mm subangular laterite gravel. 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
(cm) 
pH EC 
mStm 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
\NIB 
(%) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
CaCl2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 6.3 5.6 4 0.34 1.7 22.1 45.4 15.1 3,6 4.1 2.8 3.1 1.7 0,5 
0-5 5.9 5.2 4 <1 0.39 2.2 23.2 44.5 15.1 3,5 3.9 2.6 2.9 1.5 0,7 
5-10 6.0 5.2 2 <1 0.26 1.7 22,4 42.9 15.4 4,0 4,5 3.3 6.0 1.1 0,7 
10-20 6.0 5.1 1 <1 0.07 3.1 24.8 42.1 15.8 3.8 4.2 2.6 1.8 1.5 0,3 
20-30 6.2 5.4 1 0.04 4.1 25.4 39.7 15.6 4,0 4.1 3.0 2.3 1.5 0.3 
30-40 6.4 5.6 1 0.04 5.3 23.0 35.5 17.4 5,2 5.6 3.7 2.7 1.2 0.3 
40-60 6.5 5.8 1 0.05 1.7 10.1 25.4 22.4 8.6 11.2 9.7 8.4 1.3 1,1 
60-80 6.5 5.8 1 0.06 5.7 14.3 31.9 20.8 6,8 8.0 5.8 4.7 1.1 0.9 
110-130 6.5 5.9 2 0.11 14.6 13.3 23.2 10.5 3.1 3.9 3.6 6.8 3.7 17.2 
Sample 
depth 
(cm) 
p 
Total 
(ppm) 
P 
PRI 
(mUg) 
P 
HCO3 
(ppm) 
K 
HCO3 
(ppm) 
wa 
(cio) 
CEC 
NH4C1 
OM 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-10k -0.1 7 30 0.02 1.00 0.18 <0.02 0.08 0.06 
0-5 -0.2 7 14 0.03 1.45 0.24 0.02 0.04 0,05 
5-10 0.4 4 10 0.04 0.96 0.14 0.02 0.03 0.09 
10-20 0.4 2 12 0.04 0,23 0.05 <0.02 0.03 0.03 
20-30 0.4 4 <10 0.02 0.18 0.04 <0.02 0.03 0.05 
30-40 0.4 3 <10 <0.02 0.19 0.03 <0.02 0.02 <0.02 
40-60 0.3 <2 <10 <0.02 0.23 0.05 <0.02 0.02 <0.02 
60-80 0.8 <2 <10 <0.02 0.31 0.07 <0.02 0.02 <0.02 
110-130 33 <2 44 0.02 1.45 1.19 <0.02 0.11 0.08 
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EuraT a Soil Series 
Representative profile 
Profile no. GTN1425 
Australian Soil Classification Arenic Bleached-Orthic Tenosol 
Location A M G  373885mE, 6811298mN, zone 50 
Landform Gently inclined slope, 3% in weakly dissected sandplain 
Pa ren t  mater ial  Weathered lateritic material 
Surface condition Soft 
Drainage Rapidly drained 
Land  use Cropping to cereals or lupins 
Morphologici_r_ e .scription 
Horizon Depth (cm) Description 
A l  0-30 Very dark grey (10YR 3/1 moist) loamy sand; loose; sandy fabric; clear boundary. 
A2e 30-40 Very pale brown (10YR 7/4 dry) sand; loose; sandy fabric; clear boundary. 
B1 40-60 Light yellowish brown (2.5Y 6/4 moist) clayey sand; loose; sandy fabric; clear 
boundary. 
B21w 60-80 Pale yellow (2.5Y 7/4 moist) clayey sand; massive; sandy fabric; gradual 
boundary. 
B22w 80-110 Brownish yellow (10YR 6/6 moist) clayey sand; massive; sandy fabric; gradual 
boundary. 
B23w 110-160 Brownish yellow (10YR 6/8 moist) clayey sand; massive; earthy fabric. 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
(cm) 
pH EC 
mS/m 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (°/0 of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
Ca0I2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 5.9 5.2 4 <1 0.52 3.1 12.3 48.2 22,7 3.3 2.8 2.0 1.7 1.8 2.1 
0-5 6.4 5.6 4 <1 0.67 2.9 15.7 47.1 22.1 2.8 2.5 1.2 2.3 1.6 1.8 
5-10 6.3 5.4 2 <1 0.58 3.7 21.1 46.6 17.7 2.1 1.9 1.0 2.2 1.9 1.8 
10-20 6.0 5.1 2 <1 0.28 4.0 23.3 47.5 15.6 2.0 1.6 0.8 1.8 1.6 1.8 
20-30 5.7 4.8 1 <1 0.10 6.3 23.1 45.8 17.4 1.8 1.4 0.6 0.8 1.5 1.4 
30-40 5.8 4.8 1 <1 0.14 4.0 18.0 44,7 21.0 3.2 2,7 1.4 1.7 1.6 1.7 
40-60 5.3 4.8 1 <1 0.06 5.0 18.0 36.4 24.6 4.3 4.2 1.7 2.5 1.6 1.8 
60-70 5.8 4.8 1 <1 0.04 5.3 19.7 39.9 21.6 3.3 3.1 1.6 2.2 1.2 2.0 
90-100 6.2 5.4 1 0.04 5.4 17.8 36.7 22.7 3.8 3.4 1.8 2.1 1.3 5.1 
120-130 6.2 5.6 2 0.05 7.6 22.6 31.1 16.0 2.4 2.3 1.3 1.4 1.1 14.2 
150-160 6.4 5.8 1 0.04 8.7 17.5 31.2 21.0 3.6 3.3 1.7 2.2 1.0 9.8 
Sample 
depth 
(cm) 
P 
Total 
ppm 
P 
PRI 
mUg 
P 
HCO3 
ppm 
K 
HCO3 
ppm 
CaCO3 
% 
CEC 
NH4CI 
me% 
Exchangeable cations 
me% 
Al Ca Mg Mn K Na 
0-10* 0.2 9 29 0.04 1.79 0.31 0.03 0.10 0.08 
0-5 -0.3 15 36 0.02 2.09 0.29 <0.02 0,08 0.05 
5-10 0.1 9 <10 0.03 2.50 0.25 <0.02 0.03 0.04 
10-20 0.3 5 <10 0.06 1.08 0.15 <0.02 0.05 0.09 
20-30 0.5 3 <10 0.05 0.27 0.06 <0.02 0.04 0.05 
30-40 0.5 3 <10 0.06 0.43 0.08 <0.02 0.03 0.03 
40-60 0.6 5 <10 0.05 0.18 0,06 <0.02 0.04 0.02 
60-70 0.7 4 <10 0.05 0.14 0.04 <0.02 0.02 0.03 
90-100 1.0 4 10 <0.02 0.32 0.09 <0.02 0.02 <0.02 
120-130 6.4 <2 16 <0.02 0.64 0.33 <0.02 0.03 0.02 
150-160 4.0 <2 15 0.03 0.43 0.26 <0.02 0.04 0.02 
182 
GERALDTON REGION LAND RESOURCES SURVEY 
Fegan Soil Th9ri9s 
Representative profile 
Profile no. GTN1415 
Australian Soil Classification Eutrophic Red Kandosol 
Location AMG 413483mE, 6750417mN, zone 50 
Landform Crest o f  gently undulating rise 
Parent material Granite 
Surface condition Hardsetting 
Drainage Moderately well drained 
Land use Cropping o f  cereals, grazing o f  annual pastures 
Morphological description 
Horizon Depth (cm) Description 
A l  0-9 Dark red (2.5YR 3/6 moist) light sandy loam; massive; sandy fabric; dry; few (2- 
10%) fine to 6-20 m m  angular quartz; abrupt boundary. 
B21 9-20 Dark red (2.5YR 3/6 moist) sandy clay loam; massive; earthy fabric; dry; few (2- 
10%) fine to 6-20 m m  angular granite; clear boundary. 
B22 20-37 Dark red (2.5YR 3/6 moist) gritty sandy loam; massive; earthy fabric; dry; many 
(20-50%) fine to 6-20 m m  angular granite. 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
(cm) 
pH EC 
mS/m 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
CaG12 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 5.5 4.7 6 <1 0.38 9.4 12.7 19.7 15.2 5.2 7.8 6.6 10.9 4.9 7.5 
0-9 5.2 4.2 6 2 0.37 9.3 10.2 17.9 15.4 5.8 8.2 7.4 11.7 5.3 8.8 
9-20 5.8 4.7 2 <1 0.23 8.7 9.1 15.5 13.1 5.3 7.6 6.3 11.9 5.1 17.3 
20-37 6.6 5.8 4 0.16 14.2 11.3 15.6 11.5 4.1 6.1 5.6 10,6 4.9 16.1 
Sample 
depth 
(cm) 
p 
Total 
(ppm) 
P 
PRI 
(mug) 
P 
HCO3 
(ppm) 
K 
HCO3 
(ppm) 
CaCO3 
(%) 
C EC 
NH4C1 
OA 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-10k 4.3 36 290 0.12 1.33 0.44 0,07 0.55 0.08 
0-9 6.0 43 220 0.25 1.36 0.38 0.08 0.33 0.08 
9-20 8.9 10 180 0.06 2.88 0.84 0.05 0.23 0.08 
20-37 12 4 180 <0.02 3.89 1.18 0.02 0.22 0.14 
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Gr±nbrook Soil St ?:es 
Representative profile 
Profile no. REFGTN12 
Australian Soil Classification Subnatric Red Sodosol 
Location AMG 352480mE, 6774433mN, zone 50 
Landform Alluvial plain 
Parent material Alluvium from Irwin River 
Surface condition Hardsetting 
Drainage Moderately well drained 
Land use Nature reserve 
Morphological description 
Horizon Depth (cm) Description 
A l l  0-8 Dark reddish brown (5YR 3/4 moist) loam; hardsetting; massive; earthy and 
porous; firm; clear boundary. 
A l 2  8-18 Reddish brown (5YR 4/4 moist) clay loam; massive; earthy and porous; firm; 
sharp boundary. 
B21t 18-40 Yellowish red (5YR 4/6 moist) medium clay; strong fine polyhedral structure 
(3-5 mm); firm; gradual boundary. 
B22t 40-60 Yellowish red (5YR 4/6 moist) medium clay; strong polyhedral structure 
(2-3 cm); very firm; cutans present; gradual boundary. 
B23t 60-80 Yellowish red (5YR 4/6 moist) medium clay; strong polyhedral structure 
(3-5 cm); very firm; sharp boundary. 
B24t 80-100+ Red (2.5YR 4/6 moist) medium clay; strong polyhedral structure (3-5 cm); very 
firm; cutans present; 0.2% NaCl. 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
(cm) 
pH EC 
msim 
1:5 
N 
total 
% 
Org 
C 
W/B 
(c/o) 
Particle size (clo of fine earth fraction) 
coarse sand fine sand silt clay 
1-120 
1:5 
CaCl2 
1:5 
0.2-20 
mill 
0.02-0.20 
MITI 
0.002-0.02 
RIM 
<0.002 
mm 
0-8 7.4 6.3 2 0.05 0.74 19 53 13 15 
8-18 7.7 6.8 11 0.04 0.59 19 45 14 22 
18-40 7.8 6.9 29 0.04 0.42 12 37 8 43 
40-60 8.0 7.2 19 0.03 0.28 11 35 9 45 
60-80 8.2 7.6 70 0.03 0.25 10 31 10 49 
80-100 8.5 8.0 93 0.02 0.19 10 29 11 50 
Sample 
depth 
(cm) 
P 
Total 
(ppm) 
P 
PHI 
(mUg) 
P 
HCO3 
(ppm) 
K 
FIC03 
(ppm) 
CaCCb 
(%) 
C EC 
NH4CI 
trI84 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-8 180 6 280 7 4.1 1.8 0.8 0.2 
8-18 180 6 150 9 4.9 2.5 0.5 0.9 
18-40 170 4 140 15 6.8 4.8 0.5 1.8 
40-60 160 3 150 16 7.0 5.7 0.5 2.6 
60-80 150 2 140 18 7.4 6.9 0.5 3.4 
80-100 180 <2 140 18 8.2 7.7 0.5 3,8 
Mineralogical analysis of  clay fraction 
Depth K20 Fe2O3 CEC E Kt Is(n) Qz H / Go Fd An 
% % emol(+)/kg 
40-60 1.6 10.0 32 11-20 51-65 21-30 1-5 <1 <1 1-5 
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Greenough Soil Series 
(variant Greenough-1) 
Representative profile 
Profile no. REFGTN9 
Australian Soil Classification Vertic Subnatric Brown Sodosol 
Location AMG 284879mE, 6789993mN, zone 50 
Landform Alluvial plain, <1% slope 
Parent material Alluvium from Greenough River 
Surface condition Cracking 
Drainage Imperfectly drained 
Land use Site cleared, but not fanned 
Morphological description 
Description 
Dark brown (7.5YR 3/4 moist) silty clay loam; granular structure, tending to 
self-mulching; porous inside peds; some cutans; firm; clear boundary. 
Dark brown (7.5YR 3/3 moist) silty clay loam; coarse blocky structure (4-6 cm); 
many cutans; porous inside peds; firm; 2% gravel; gradual boundary. 
Dark brown (7.5YR 3/3 moist) silty light clay; coarse blocky structure (5-8 cm) 
with vertical cracking; many cutans; very firm; 4% gravel; abrupt boundary. 
Dark yellowish brown (10YR 4/4 moist) heavy clay;blocky structure (5-7 cm) 
with vertical cracking; many cutans; very firm; gradual boundary. 
Dark yellowish brown (10YR 4/5 moist) heavy clay; strongly structured coarse 
blocky; faint reddish brown mottles; many cutans; very firm; gradual boundary. 
Dark yellowish brown (10YR 4/5 moist) with 30% red-brown mottles; heavy 
clay; strong coarse blocky structure; very firm; 1% ferruginous gravel. 
Horizon Depth (cm) 
All 0-5 
Al2 5-15 
B1 15-30 
B21 30-50 
B22 50-80 
B23 80-100 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
(cm) 
pH EC 
mS/rn 
1:5 
Al 
total 
% 
Org 
C 
W/B 
(%) 
Particle size (% of 
coarse sand I fine sand 
fine earth fraction) 
silt clay 
FI20 
1:5 
CaCl2 
1:5 
0.2-2 mm 0.02-0.2 mm 0.002-0.02 mm <0.002 mm 
0-5 6.3 5.2 4 0.15 1.7 33 36 17 14 
5-15 6.4 4.9 2 0.07 0.91 33 35 18 14 
15-30 6.7 5.3 2 0.05 0.70 35 32 18 15 
30-50 7.7 6.4 4 0.04 0.33 17 20 11 52 
50-80 8.2 7.2 8 0.03 0.20 16 21 12 51 
80-100 8.3 7.3 13 0.02 0.21 14 22 13 51 
Sample 
depth 
(cm) 
P 
Total 
PPm 
P 
HCO3 
PPm 
K 
HCO3 
PPm 
CEO 
NH4C1 
me% 
Exchangeable cations 
me% 
Extractable Fe \Al 
0/0 
Ca Mg K Na Fed Fe. Ald Al. 
0-5 210 10 >300 8 3.2 3.2 1.4 1.1 
5-15 160 4 280 8 3.0 3.0 1.4 0.7 1.6 0.16 0.14 0.04 
15-30 150 4 210 7 3.4 3.4 1.6 0.5 
30-50 160 2 280 14 6.1 6.1 5.2 0.8 3.1 0.10 0.30 0.05 
50-80 110 2 260 14 6.5 6.5 6.0 0.9 
80-100 100 2 250 15 6.5 6.5 6.3 0.9 
Mineralogical analysis o f  clay fraction 
Depth K20% Fe20% CEC 
cmol(+)/kg 
II % Kt Is(n) Qz H / Go Fd An 
15-30 2.04 6.3 20 11-20 51-65 11-20 11-15 <1 1-5 1-5 
30-50 1.45 9.0 29 6-10 51-65 21-30 1-5 <1 <I 1-5 
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GrL na Soil Series 
Representative profile 
Profile no. GTN1409 
Australian Soil Classification Paralithic Orthic Tenosol 
Location A M G  390083mE, 6835721mN, zone 50 
Landform Upper slope in gently undulating rise, 1% slope 
Parent material Granite 
Surface condition Hardsetting 
Drainage Moderately well drained 
Land use Cropping to cereals, grazing o f  annual pastures by stock 
Morphological description 
Horizon Depth (cm) Description 
A l  0-7 Dark yellowish brown (10YR 4/4 moist) clayey fine sand; massive; sandy fabric; 
thy; few (2-10%) fine to 6-20 m m  subangular to  angular quartz and gravel; 
abrupt boundary. 
B21w 7-22 Strong brown (7.5YR 4/6 moist) clayey fine sand; massive; earthy fabric; dry; 
few (2-10%) fine to  6-20 m m  angular quartz, and gravel; clear boundary. 
B22w 22-45 Strong brown (7.5YR 4/6 moist) clayey fine sand; massive; earthy fabric; dry; 
many (20-50%) 2-6 m m  angular quartz and 2-6 m m  subangular granite. 
45+ Granite. 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
(cm) 
pH EC 
ms/in 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(°/0) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
cao2 
1:5 
20-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 5.9 4.8 4 <1 0.64 7.6 7.5 19.6 22.5 6.6 8.1 6.1 9.4 5.1 7.6 
0-7 6.0 4.9 6 <1 0,66 6.1 7.3 20.2 23.4 7.1 7.8 6.3 10.0 4.4 7.4 
7-22 5.6 4.5 2 <1 0.57 10.0 9.0 18.5 19.4 5.8 7.1 5.6 10.1 4.4 10.0 
22-45 6.4 5.8 9 0.32 9.8 8.3 17.8 19.0 5.7 7.2 5.7 11.3 4.9 10.1 
Sample 
depth 
(cm) 
P 
Total 
(PPm) 
P 
PRI 
(mug) 
P 
HCO3 
(PPm) 
K 
HCO3 
(PPm) 
CaCO3 
(%) 
C EC 
NH4C1 
ON 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
o-10* 6.0 17 220 0.11 1.52 0.38 0.06 0.47 0.09 
0-7 5.2 23 290 0.09 1.27 0.35 0.05 0.64 0.08 
7-22 5.4 2 120 0.14 1.88 0.37 0.02 0.22 0.06 
22-45 4.0 <2 100 <0.02 2.54 0.95 0.03 0.20 0.29 
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HeE#C.7 Jerf3s 
Representative profile 
Profile no. GTN1422 
Austral ian Soil Classification Dystrophic Yellow Chromosol 
Location AMG 311854mE, 6783413mN, zone 50 
Landform Slope o f  2% in weakly dissected margins o f  sandplain 
Pa ren t  mater ia l  Weathered lateritic material 
Surface condition Loose 
Drainage Well drained 
L a n d  use Grazing o f  annual pastures by stock 
Morphological description 
Horizon Depth (cm) Description 
A l l  0-12 Dark grey (10YR 4/1 moist) coarse sand; water repellent; loose; sandy fabric; 
dry; abrupt boundary. 
A l 2  12-30 Light brownish grey (10YR 6/2 moist) coarse sand; massive; sandy fabric; dry; 
very few (<2%) 2-6 mm angular quartz; clear boundary. 
A2e 30-70 Very pale brown (10YR 7/3 moist) coarse sand; massive; sandy fabric; dry; few 
(2-10%) 2-6 m m  angular quartz; clear boundary. 
B2t 70-120+ Very pale brown (10YR 7/4 moist) light sandy clay; many distinct red and 
orange mottles; massive; sandy fabric; dry; few (2-10%) 2-6 mm angular quartz. 
Chemical and physical analysis (<2 m m  fraction) 
Sample 
depth 
(cm) 
pH EC 
mStm 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
CaC12 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0,02 
0.02- 
0.002 
<0.002 
mm 
0-10* 5.9 4.9 3 <1 0.39 7.4 31.0 44.1 11.0 1.5 1.2 0.4 1.1 1.5 0,9 
0-12 5.6 4.6 3 <1 0.37 5.5 24.9 46.3 14.2 2.2 1.8 0.8 1.9 1.3 1.0 
12-30 5.5 4.6 1 <1 0.11 9.5 24.3 35.2 16.4 3.7 3.8 2.0 3.2 1.12 0.8 
30-70 5.9 5.0 1 <1 0.05 14.3 22.6 28.3 17.0 4.5 4,6 2.7 3.5 1.3 1.1 
70-120 6.1 5.4 1 <1 0.06 9.1 17.7 26.5 14.8 3.7 4.1 2.7 4.5 4.4 12.4 
Sample 
depth 
(cm) 
P 
Total 
(PPm) 
P 
PRI 
(mi-/9) 
P 
HCO3 
(PPm) 
K 
HCO3 
(PPm) 
Ca000 
(%) 
CEO 
NMI 
094 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
o-to* 0.1 5 <10 <0.02 0.97 0.09 <0.02 <0.02 0.03 
0-12 0.1 4 <10 1 0.04 0.70 0.08 <0.02 <0.02 0.08 
12-30 0.3 2 <10 0.03 0.15 <0.02 <0.02 <0.02 <0.02 
30-70 0.4 <2 <10 0.02 0.08 <0.02 <0.02 <0.02 <0.02 
70-120 3.4 <2 <10 <0.02 0.38 0.10 <0.02 <0.02 <0.02 
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indarra Soil Series 
Representative prc7le 
Profile no. GTN1413 
Australian Soil Classification Arenic Orthic Tenosol 
Location AMG 353008mE, 6816733mN, zone 50 
Landform Dune ridge in undulating sandplain, 2% slope 
Paren t  mater ia l  Weathered lateritic material 
Surface condition Loose 
Drainage Rapidly drained 
L a n d  use Uncleared scrub heath 
M i r :  ological description 
Horizon Depth  (cm) Description 
A l l  0-9 Dark yellowish brown (10YR 4/6 moist) loamy sand; massive; sandy fabric; dry; 
sharp boundary. 
A l 2  9-27 Yellowish brown (10YR 5/6 moist) sand; massive; sandy fabric; dry; clear 
boundary. 
B21w 27-110 Brownish yellow (10YR 6/8 moist) sand; massive; sandy fabric; dry; gradual 
boundary. 
B22w 110-195+ Yellowish brown (10YR 5/8 moist) sand; massive; sandy fabric; dry; gradual 
boundary. 
Chemical and  physical analysis (<2 m m  fraction) 
Sample 
depth 
(cm) 
pH EC 
msim 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (°/0 of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
caci2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 5.7 4.9 5 <1 0.38 0.2 5.3 57.1 19.0 3.8 3.6 1.9 4.1 1.2 3.7 
0-9 5.5 4.8 4 <1 0.39 0.3 6.6 60.2 18.0 3.2 2.8 1.4 2,8 1.0 3.8 
9-27 5.7 4.8 2 <1 0.11 0.2 6.2 57.0 19.6 3.8 3.5 1.6 2.5 1.0 4.6 
27-50 5.4 4.8 2 <1 0.07 0.2 5.2 51.6 21.7 4.9 4.6 2.2 3.5 1,0 5.1 
50-70 5.5 5.0 2 <1 0.05 0.3 5.9 52.4 20.5 4.6 4.5 2.5 3.4 1.1 4.9 
70-110 5.8 5.4 2 0.03 0.3 5.2 45.6 23.7 5.9 5.5 3.3 4.5 1.1 5.0 
110-150 6.1 5.7 2 0.03 0.3 4.4 42.7 24.8 6.4 6,5 3.7 4.8 1.2 5.4 
150-195 6.1 5.7 2 0.03 0.3 4.5 41.6 25.8 6.6 6.5 3.2 4.0 1.3 6.2 
Sample 
depth 
(cm) 
p 
Total 
(ppm) 
P 
PRI 
(mug) 
P 
HCO3 
(ppm) 
K 
HCO3 
(ppm) 
CLO3 
(%) 
C EC 
NH4C1 
ON 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-10* 1.7 25 35 0.06 1.00 0.20 0.04 0.06 0.02 
0-9 1.2 25 50 0.08 0.87 0.17 0.03 0.09 0.02 
9-27 2.8 5 18 0.03 0.60 0.13 <0.02 0.03 <0.02 
27-50 5.4 <2 18 0.02 0.43 0.10 <0.02 0.03 <0.02 
50-70 7.5 <2 15 <0.02 0.44 0.16 <0.02 0.02 <0.02 
70-110 7.2 <2 <10 <0.02 0.46 0,26 <0.02 0.02 <0.02 
110-150 7.9 <2 <10 <0.02 0.41 0.21 <0,02 <0.02 0.02 
150-195 9.1 <2 <10 <0.02 0.48 0.25 <0.02 <0.02 0.02 
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Ily Soil Series 
Representative profile 
Profile no. GTN1416 
Australian Soil Classification Ferric-Petroferric Orthic Tenosol 
Location AMG 413612mE, 6760947mN, zone 50 
Landform Gently inclined (3%) slope 
Parent material Weathered laterite developed on Archaean granite 
Surface condition Hardsetting 
Drainage Moderately well drained 
Land use Cropping to cereals; grazing by  sheep 
Morphological description 
Horizon Depth (cm) Description 
A l  0-10 Brown (7.5YR 4/4 moist) sandy loam; massive; sandy fabric; dry; abrupt 
boundary. 
A3 10-28 Strong brown (7.5YR 4/6 moist) light sandy clay loam; massive; sandy fabric; 
dry; few (2-10%) 2-6 m m  angular quartz, few (2-10%) medium subangular 
gravel; clear boundary. 
B21wc 28-45 Strong brown (7.5YR 5/6 moist) light sandy clay loam; massive; sandy fabric; 
dry; few (2-10%) 2-6 m m  angular, many (20-50%) medium angular gravel; clear 
boundary. 
B22wc 45-82 Strong brown (7.5YR 4/6 moist) sandy clay loam; massive; sandy fabric; dry; few 
(2-10%) 2-6 m m  angular, many (20-50%) 6-20 m m  angular laterite. 
82+ Laterite duricrust. Ccm 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
(cm) 
pH EC 
mS/m 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
CaCl2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 5.3 4.4 7 2 0.72 5.1 9.4 25.0 19.5 5.3 7.2 5.2 8.8 3.9 10.6 
0-10 5.1 4.2 6 6 0.76 4.3 8.2 24.2 20.0 5.7 7.8 5.7 9.1 4.4 10.6 
10-28 4.7 4.1 5 12 0.48 7.7 7.7 19.6 17.5 5.5 7.5 5.7 10.0 4.9 14.0 
28-45 5.0 4.3 4 2 0.30 6.7 6.8 17.7 17.0 5.2 7.7 6.0 10.9 4.3 17.8 
45-82 6.1 5.3 17 <1 0.19 8.5 9.5 22.5 14.4 4.3 5.4 4.1 9.9 4.3 17.2 
Sample 
depth 
(cm) 
p 
Total 
(PP1n) 
P 
PR) 
(mUg) 
P 
HCO3 
(PPEn) 
K 
HCO3 
(PPrn) 
CaCO3 
(°/0) 
C EC 
NH4C1 
OA 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-t0* 12 36 300 0.26 0.72 0.34 0.02 0.60 0.08 
0-10 21 26 270 0.38 0.50 0.23 <0.02 0.57 0.09 
10-28 64 3 140 0.57 0.56 0.20 <0.02 0.24 0.05 
28-45 52 <2 97 0.23 1.01 0.56 <0.02 0.14 0.06 
45-82 19 <2 140 <0.02 0.51 3.17 <0.02 0.27 0.81 
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Kojarena Soil Series 
Re:resentative profile 
Profile no. GTN1402 
Australian Soil Classification Eutrophie Red Kandosol 
Location A M G  283802mE, 6839450mN, zone 50, Chapman Valley 
Landform Upper rises with 2% slope 
Pa ren t  mater ial  Granite 
Surface condition Hardsetting 
Drainage Moderately rapid run-off; moderate infiltration; well drained 
L a n d  use Cropping in wheat/lupin rotation 
Morphological description 
Horizon Depth (cm) Description 
A l  0-13 Reddish brown (5YR 4/4 moist) sandy loam; massive; sandy fabric; dry; very few 
(<2%) 2-20 m m  angular quartz; abrupt boundary. 
A3 13-33 Yellowish red (5YR 4/6 moist) sandy clay loam; massive; sandy fabric; thy; very 
few (<2%) 2-6 m m  angular quartz; clear boundary. 
B 2 l t  33-70 Dark red (2.5YR 3/6 moist) sandy clay; massive; earthy fabric; dry; few (2-10%) 
2-6 m m  angular quartz, few (2-10%) 6-20 mm subangular unknown; clear 
boundary. 
B22t 70-95 Red (2.5YR 4/6 moist) sandy clay; massive; earthy fabric; moderately moist; few 
(2-10%) 2-20 m m  angular quartz; clear boundary. 
B23t 95-165 Yellowish red (5YR 4/6 moist) sandy clay; massive; earthy fabric; moderately 
moist; very few (<2%) 2-6 m m  angular quartz; clear boundary. 
B24 165-180 Strong brown (7.5YR 4/6 moist) sandy clay loam; massive; earthy fabric; 
moderately moist; very few (<2%) 2-6 m m  angular quartz. 
180+ Granite saprolite. Cr 
Chemical ai.id pr ysical analysis (<2 mm fraction) 
Sample 
depth 
(cm) 
pH EC 
mS/m 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (')/0 of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
CaCl2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 5.1 4.3 5 3 0.50 4.0 12.8 26.5 17.3 5.9 7.3 5.8 8.8 6.0 5.7 
0-13 5.1 4.3 4 2 0.56 7.7 16.3 26.2 15.0 4,7 6.1 4,8 7.9 5.9 5.3 
13-33 5.0 4.2 4 2 0.17 6.9 13.9 22.3 13.6 4,3 5.7 4.6 7.0 7.1 14.6 
33-70 6.4 5.7 5 0.18 6.5 10.0 17.5 11.1 3,7 4.9 3.9 6.6 6.0 29.8 
70-95 6.9 6.2 6 0.14 6.0 8.8 16.1 12.0 4,1 5.5 4.2 9.2 7.5 26.7 
95-165 7.2 6.3 5 0.10 5.7 9.0 16.6 11.2 3.6 4.9 4.3 10.4 11.6 22.6 
165-180 7.3 6.4 5 0.04 8.6 12.9 19.2 10.6 3.7 5.6 4.7 12.8 9.9 12.0 
Sample 
depth 
(cm) 
p 
Total 
(ppm) 
P 
PRI 
(mUg) 
P 
HCO3 
(ppm) 
K 
HCO3 
(ppm) 
CLO3 
(%) 
C EC 
NI-14C1 
ITEP/4 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-10* 3.7 13 140 0.27 1.01 0.21 0.17 0.26 0.06 
0-13 4.2 13 140 0.28 0.88 0.17 0.18 0.25 0.03 
1 3-3 3 25 3 180 0.28 1.14 0.38 0.18 0.37 0.04 
33-70 62 <2 170 <0.02 3.06 1.58 0.02 0.35 0.14 
70-95 89 <2 83 <0.02 2.67 2.93 0.02 0.21 0.40 
95-165 130 <2 97 6 2.60 2.50 0.20 0.28 
165-180 45 <2 89 5 2.42 2.72 0.19 0.39 
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Koolanooka ,9Ths 
Representative profile 
Profile no. GTN1417 
Australian Soil Classification Epihypersodic Epipedal Brown Vertosol 
Location AMG 413003mE, 6749580mN, zone 50 
Landform Lower simple slope, 1% slope 
Parent material Weathered granite 
Surface condition Self-mulching 
Drainage Imperfectly drained 
Land use Cropping of  cereals, annual pastures 
Morphological description 
Horizon Depth (cm) Description 
Al 0-14 Strong brown (10YR 4/6 moist) light clay; moderate granular (5-10 mm) 
structure; dry; clear boundary. 
B2 lk  14-30 Strong brown (10YR 4/6 moist) light clay; moderate subangular blocky 
(20-50 mm) structure; dry; gradual boundary. 
B22k 30-85 Strong brown (10YR 4/6 moist) light medium clay; moderate subangular blocky 
(20-50 mm) structure; dry; clear boundary. 
B23 85-125 Strong brown (10YR 4/6 moist) light medium clay; moderate subangular blocky 
(20-50 mm) structure; dry; gradual boundary. 
B24 125-155+ Strong brown (10YR 4/6 moist) medium heavy clay; moderate subangular blocky 
(20-50 mm) structure; wet. 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
(cm) 
pH EC 
mStm 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(°/0) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
Fl20 
1:5 
CaCl2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 8.5 7.9 15 0.80 4.7 4.0 7.9 7.5 2.9 4.3 4.0 15.0 14.2 35.6 
0-14 8.3 7.8 20 1.59 6.2 5.1 7.2 6.0 2.5 3.6 3.5 15.1 17.7 33.2 
14-30 9,0 8.1 16 0.59 4.7 4.5 6.9 5.6 2,2 3.2 3.0 13.8 13.7 42.3 
30-55 9,4 8.3 44 0.31 4.6 3.8 6.3 5.4 2.1 3.2 2.9 12.0 11,3 48.3 
55-85 9.2 8.6 180 0.23 4.2 3.7 6.2 5.2 2.0 3.0 2.6 10.8 12.9 49.4 
85-125 9.3 8.6 170 0.16 3.0 3.6 6.0 4.9 1.9 2.7 2.8 11.4 12.3 51.4 
125-155 9.5 9.5 140 0.14 2.8 3.1 5.2 4.5 1.7 2.8 2.7 13.3 11.6 52.3 
Sample 
depth 
(cm) 
p 
Total 
(ppm) 
P 
PRI 
(mL/g) 
P 
HCO3 
(ppm) 
K 
HCO3 
(ppm) 
Ca033 
(°/0) 
C EC 
NH4CI 
OM 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
o-1o* 29 27 >300 5 30 22.40 5.11 2.30 0.38 
0-14 33 14 >300 5 34 22,90 5.15 2.65 0.60 
14-30 55 2 >300 8 32 21.70 8.42 1.18 1.94 
30-55 59 <2 270 10 33 14.98 10.80 0.98 6.90 
55-85 48 <2 260 7 36 10.30 11.00 1,01 11.35 
85-125 37 <2 230 7 36 9.64 10.65 0.98 14.10 
125-155 36 <2 210 7 38 9.55 10.25 0.98 15.40 
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Coil Series 
(variant Mindage-1) 
Representative profile 
Profile no. GTN1407 
Australian Soil Classification Dune Red Kandosol 
Location A M G  360934 mE, 6844448 mN, zone 50 
Landform Gentle slope o f  2% in gently undulating terrain 
Parent material Red-brown hardpan 
Surface condition Hardsetting 
Drainage Moderately well drained 
Land use Cropping to cereals, grazing o f  annual pastures by stock 
Morphological description 
Horizon Depth (cm) Description 
A 0-8 Dark reddish brown (2.5YR 3/4 moist) sandy clay loam; massive; earthy fabric; 
dry; few (2-10%) 2-6 101M angular, 6-20 m m  angular quartz; abrupt boundary. 
B2w 8-17 Dark reddish brown (2.5YR 3/4 moist) sandy clay; massive; earthy fabric; dry; 
very few (<2%) 2-6 m m  angular quartz, few (2-10%) 6-20 m m  angular red- 
brown hardpan fragments; abrupt boundary. 
17-24 Very strongly cemented ;massive; red-brown hardpan; slightly calcareous. Cm 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
(cm) 
pH EC 
mS/m 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
CaCl2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0,18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 6.4 5.8 10 0.51 4.8 5.0 12.7 15.4 5.6 8.8 8.2 13.9 8.8 16.7 
0-8 6.3 5,6 19 <1 0.60 5.2 5.9 13.1 14.0 5.7 8.4 7.5 14.8 8.9 16,6 
8-17 6.4 5.8 12 0.44 5.2 4.9 10.0 10.7 4.6 6.7 6.2 13.8 8.6 29.1 
Sample p P P K CaCO3 CEC Exchangeable cations 
depth Total PRI HCO3HCO3 -3 - NMI (me%) 
(cm) (ppm) (m1./g) (ppm) (ppm) (Y.) treN Al Ca Mg Mn K Na 
0-10* 8.9 35 >300 0.02 4.65 1.20 0.20 0.91 0.20 
0-8 8.6 39 >300 <0.02 4.11 1.09 0.30 1.01 0.74 
8-17 17 15 >300 0.02 6.90 1.67 0.12 0.68 0.52 
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NorManditon Soil Series 
Representative profile 
Profile no. GTN1424 
Australian Soil Classification Mesotrophie Red Chromosol 
Location AMG 282802mE, 6850602tnN, zone 50 
Landform Lower slope in undulating terrain, 2% slope 
Parent material Granulite 
Surface condition Hardsetting 
Drainage Well drained 
Land use Grazing of annual pastures by stock, cropping to cereals 
Morphological  description 
Horizon Depth (cm) Description 
Al 1 0-5 Reddish brown (5YR 4/4 moist) light clayey sand; massive; sandy fabric; abrupt 
boundary. 
Al2 5-10 Yellowish red (5YR 4/6 moist) clayey sand; massive; sandy fabric; clear 
boundary. 
B21t 10-20 Red (2.5YR 4/6 moist) sandy clay loam; massive; earthy fabric; clear boundary. 
B22t 20-30 Dark red (2.5YR 3/6 moist) sandy clay loam; massive; earthy fabric; clear 
boundary. 
B23t 30-40 Red (2.5YR 4/6 moist) clay loam, sandy; massive; earthy fabric; clear boundary. 
B24t 40-50 Red (2.5YR 4/6 moist) clay loam, sandy; massive; earthy fabric; clear boundary. 
B25t 50-70 Red (2.5YR 4/6 moist) light clay; massive; earthy fabric; clear boundary. 
B3 70-80 Red (2.5YR 4/6 moist) gritty sandy clay loam. 
80+ Granulite. 
Chemical  and  physical analysis (<2 m m  fraction) 
Sample 
depth 
(cm) 
pH EC 
mS/m 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(91) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
CaCl2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-5 5.9 4.9 7 <1 0.54 20.5 21.4 19.3 9.9 3.1 4.3 3.4 7.6 6.2 4.3 
5-10 5.5 4.5 4 1 0.31 14.2 18,9 20.0 10.9 3.6 5.1 3.9 9.2 6.6 7.7 
10-20 5.2 4.4 5 1 0.22 15.0 17.8 15.5 7.4 2.3 3.2 2.7 5.8 5.8 24.4 
20-30 5.5 4.9 6 <1 0.22 12.5 12.4 11.4 5.8 2.0 2.8 2.3 5.7 5,6 39.6 
30-40 6.2 5.8 6 0.15 15.1 11.7 9.5 5.0 1.8 2.5 2.2 5.3 6.3 40.5 
40-50 6.8 6.2 6 0.13 12.7 11.0 10.1 5.7 1.9 2,6 2.4 6,0 8.2 39,4 
50-70 7.1 6.4 5 0.08 19.6 14.7 11.7 6.1 1.9 2.6 2.4 6.6 9.7 24.6 
70-80 7.0 6.1 5 0.10 31.2 17.8 11.8 5.8 1.6 23 2.6 6.8 8.3 11.5 
Sample 
depth 
(cm) 
p 
Total 
(ppm) 
P 
PRI 
(mug) 
P 
HCO3 
(ppm) 
K 
HCO3 
(ppm) 
Ca01 
(%) 
C EC 
NH4C1 
(a#4 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-5 2.5 14 260 0.07 1.20 0.37 0.16 0.57 0.13 
5-10 5.9 9 170 0.17 1.08 0.33 0.22 0.37 0.07 
10-20 49 2 190 0.22 2.03 0.76 0,29 0.40 0.10 
20-30 160 <2 180 0.04 3.22 1.47 0.08 0.39 0.14 
30-40 550 <2 140 <0.02 3.24 2.00 0.02 0.28 0.18 
40-50 510 <2 93 0.02 3.42 2.84 <0.02 0.19 0.23 
50-70 170 <2 42 6 2.73 2.86 0,10 0.22 
70-80 38 <2 79 <0.02 2.87 3.52 <0.02 0.14 0.31 
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Representative profile 
Proffie no. GTN1408 
Australian Soil Classification Acidic Arenic Orthic Tenosol 
Location A M G  382076mE, 6847277mN, zone 50 
Landform Sandplain; 1% slope 
Parent material Weathered laterite 
Surface condition Soft 
Drainage Rapidly drained 
Land use Cropping to cereals; grazing by  sheep 
Morphological description 
Description 
Dark yellowish brown (10YR 4/4 moist) light loamy sand; water repellent; 
massive; sandy fabric; dry; very few (<2%) 2-6 m m  subrounded gravel; abrupt 
boundary. 
Dark yellowish brown (10YR 4/4 moist) loamy sand; massive; sandy fabric; dry; 
clear boundary. 
Yellowish brown (10YR 5/6 moist) loamy sand; massive; sandy fabric; dry; clear 
boundary. 
Yellowish brown (10YR 5/8 moist) clayey fine sand; massive; sandy fabric; dry; 
very few (<2%) 2-6 m m  subrounded gravel; gradual boundary. 
Yellowish brown (10YR 5/8 moist) clayey fine sand; massive; sandy fabric; dry; 
very few (<2%) 2-6 m m  subrounded gravel; gradual boundary. 
Yellowish brown (10YR 5/8 moist) clayey fine sand; massive; sandy fabric; dry; 
very few (<2%) 2-6 nun subrounded gravel; gradual boundary. 
Brownish yellow (10YR 6/8 moist) clayey fine sand; massive; sandy fabric; dry; 
very few (<2%) fine subrounded gravels. 
Horizon Depth (cm) 
All 0-6 
Al2 6-16 
A13 16-27 
B21w 27-57 
B22w 57-100 
B23w 100-140 
B24w 140-185 
Pi r Soil Series 
Chemical and physical analysis (<2 mm fraction) 
Sample 
depth 
(Cm) 
pH EC 
mS/m 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/I3 
(%) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
CaCl2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0,075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 5.4 4.6 4 1 0.50 5.7 8.4 25.3 28.6 7.4 7.7 4.6 5.0 1.5 6.0 
0-6 4.9 4.2 6 3 1.55 3.2 7.4 27.3 27.0 6.3 6.7 4.5 7.9 2.6 7.2 
6-16 4.7 4.1 4 6 0.77 4.4 7.8 28.2 28.7 6.6 6.6 3.8 5.1 2.0 6.7 
16-27 4.5 4.0 3 16 0.49 4.1 8.8 30.5 27.9 6.1 6.2 3.3 4.6 2.4 6.3 
27-57 4.3 4.0 5 25 0.21 4.2 5.8 20.3 28.6 8.2 9.8 6.7 5.2 2.2 9.1 
57-100 4.1 4.0 7 24 0.10 6.0 6.7 16.0 25.7 8.4 102 7.4 8.2 2.0 9.4 
100-140 4.1 4.0 6 25 0.07 7.9 8.0 13.7 24,5 8.4 10.5 7.8 8,1 1.9 9.2 
140-185 4.0 3.9 8 21 0.08 9.3 7.8 12.2 22.3 7.9 10.4 7.8 10.3 3.0 9.1 
Sample 
depth 
(cm) 
P 
Total 
(ppm) 
P 
PRI 
(mUg) 
P 
HCO3 
(ppm) 
K 
HCO3 
(ppm) 
CaCO3 
(%) 
C EC 
NH4C1 
ON 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-10* 9.5 18 58 0.16 0.50 0.09 <0.02 0.12 0.03 
0-6 7.6 3 34 0.47 1.79 0.36 0.02 0.05 0.06 
6-16 12 3 15 0.45 0.44 0.14 <0.02 0,03 0.02 
16-27 17 2 18 0.54 0.17 0.06 <0,02 0.02 <0.02 
27-57 44 <2 16 0.66 0.08 0.06 <0.02 0.04 0.02 
57-100 47 <2 10 0.60 0.13 0.03 <0,02 <0.02 0.02 
100-140 57 <2 10 0.59 0.10 0.04 <0.02 <0.02 0.03 
140-185 50 <2 10 0.54 0.14 0.13 <0,02 <0.02 0.06 
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T I Et Series 
Representative profile 
Profile no. GTN1403 
Austral ian Soil Classification Arenic Orthic Tenosol 
Location AMG 264715mE, 6839589mN, zone 50 
Landform Gently undulating sandplain; 1% slope 
Pa ren t  mater ia l  Limestone 
Surface condition Loose to soft 
Drainage Rapidly drained 
L a n d  use Cropping o f  lupins; pasture for sheep 
Morphological description 
Horizon Depth  (cm) Description 
A l  0-12 Dark brown (10YR 3/3 moist) loamy sand; water repellent; massive; sandy 
fabric; dry; sharp boundary. 
A3 12-34 Yellowish brown (10YR 5/6 moist) sand; massive; sandy fabric; dry; clear 
boundary. 
B1 34-60 Brownish yellow (10YR 6/8 moist) sand; massive; sandy fabric; dry; gradual 
boundary. 
B21w 60-130 Brownish yellow (10YR 6/8 moist) clayey sand; massive; sandy fabric; dry; 
gradual boundary. 
B22w 130-195 Brownish yellow (10YR 6/8 moist) clayey sand; massive; sandy fabric; dry; 
gradual boundary. 
195+ Limestone. 
Chemical and physical analysis (<2 m m  fraction) 
Sample 
depth 
(cm) 
pH EC 
mS/m 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
CaCl2 
1:5 
2,0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0.15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 6.1 5.2 4 <1 0.45 0.3 10.3 71.3 10.5 0.9 0.7 0.5 1.9 0.8 2.7 
0-12 6.1 5.2 4 <1 0.71 0.2 7.3 66.4 13.7 1.6 1.4 1.0 3.6 1.4 3.3 
12-34 5.6 4.6 1 <1 0.15 0.4 10.7 68.6 12.1 1.3 1.0 0.6 1.0 1.1 3.3 
34-60 5.9 5.0 1 <1 0.07 0.2 8.1 62.7 15.7 2.1 1.8 1.2 1.5 1,2 5.4 
60-90 6.4 5.5 1 <1 0.05 0.3 9.3 64.7 14.4 1.5 1.2 0.7 1.3 1.2 5.3 
90-130 6,6 5.9 1 0.03 0.3 9.8 61.2 15.0 1.7 1.3 0.8 1.9 0.7 7.4 
130-160 6.6 5.9 1 0.03 0.3 8.2 57.4 18.1 2.3 2.0 1.2 1.8 0.9 7.8 
160-195 6.7 6.0 1 0.02 0.4 7.6 53.6 20.1 2.9 2.6 1.7 2.6 1.1 7.6 
Sample 
depth 
(cm) 
p 
Total 
(ppm) 
P 
PRI 
(mL/g) 
P 
HCO3 
(ppm) 
K 
HCO3 
(ppm) 
CaCa 
(%) 
CEO 
N H4CI 
(ITEP/4 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-10* 0.1 6 16 <0.02 1,12 0.24 <0.02 0.02 0.06 
0-12 0.4 5 10 0.03 1.83 0,37 <0.02 0.02 0.04 
12-34 0.6 3 <10 <0.02 0.41 0.06 <0.02 <0.02 <0.02 
34-60 0.7 <2 25 <0.02 0.38 0.1 <0.02 0.04 <0.02 
60-90 1.8 <2 13 <0.02 0.45 0.16 <0.02 0.02 <0.02 
90-130 4.4 <2 <10 <0.02 0.42 0,22 <0.02 <0.02 <0,02 
130-160 6.0 <2 <10 <0.02 0.36 0,22 <0.02 <0.02 <0.02 
160-195 7.3 5 <10 <0.02 0.34 0.28 <0.02 <0.02 0.02 
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Re7resentatiye profile 
Profile no. GTN1414 
Australian Soil Classification Ferric Petroferric Brown Kandosol 
Location AMG 380630mE, 6796630 N, zone 50 
Landform Hillcrest 
Parent material Lateritic material 
Surface condition Hardsetting 
Drainage Well drained 
Land use Cropping to cereals; grazing o f  annual pastures 
Morphological description 
Description 
Strong brown (7.5YR 4/6 moist) light sandy clay loam, massive; sandy fabric; 
dry; many (20-50%) 2-6 m m  angular, few (2-10%) 6-20 mm angular laterite; 
abrupt boundary. 
Strong brown (7.5YR 5/6 moist) sandy clay loam, fine sandy; massive; earthy 
fabric; dry; common (10-20%) 2-6 m m  angular; common (10-20%) 6-20 mm 
subangular laterite; clear boundary. 
Strong brown (7.5YR 5/8 moist) sandy clay loam, fine sandy; massive; earthy 
fabric; dry; few (2-10%) 2-6 mm subangular, many (20-50%) 6-20 m m  angular 
laterite; gradual boundary. 
Strong brown (7.5YR 5/8 moist) sandy clay loam, fine sandy; massive; earthy 
fabric; dry; common (10-20%) 2-6 m m  angular, many (20-50%) 6-20 mm 
angular laterite; gradual boundary. 
Strong brown (7.5YR 5/8 moist) light sandy clay loam; massive; earthy fabric; 
moderately moist; common (10-20%) 2-6 m m  angular, many (2-50%) 6-20 mm 
angular laterite. 
Horizon Depth (cm) 
Al 0-9 
B21wc 9-20 
B22wc 20-40 
B23wc 40-60 
B24wc 60-90 
anga Soil Series 
Chemical and  physical analysis (<2 m m  fraction) 
Sample 
depth 
(cm) 
pH EC 
mS/m 
1:5 
Al 
CaCl2 
(ppm) 
Org 
C 
W/B 
(%) 
Particle size (% of fine earth fraction) 
coarse sand medium sand fine sand silt clay 
H20 
1:5 
CaCl2 
1:5 
2.0-1.0 
mm 
1.0-0.6 
mm 
0.6-0.3 
mm 
0.3-0.18 
mm 
0.18- 
0,15 
0.15- 
0.106 
0.106- 
0.075 
0.075- 
0.02 
0.02- 
0.002 
<0.002 
mm 
0-10* 5.5 4.6 11 <1 0.72 10.7 8.0 13.8 12.4 5.3 8.6 7.4 14.8 5.5 13.5 
0-10 5.7 4.6 6 <1 0.80 14.7 9.9 14.9 11.5 4.7 7.2 6.5 13.0 5.0 12.6 
10-20 5.0 4.3 3 2 0.53 13.2 8.3 11.9 10.2 4,4 7.3 6.1 13.1 5.4 20.1 
20-40 4.9 4.3 4 3 0.32 11.6 7.7 11.4 9.5 3.9 7.2 6.2 13.8 5.5 22.5 
40-80 4.9 4,2 3 10 0.26 9.8 5.5 10.8 9.8 4.2 6.8 6.6 16.3 6.0 24.6 
60-90 4.8 4.2 3 16 0.20 12.9 5.8 11.0 11.5 3.9 6.3 6.5 15.7 6.2 21.9 
Sample 
depth 
(cm) 
p 
Total 
(ppm) 
P 
PRI 
(mL/g) 
P 
HCO3 
(ppm) 
K 
HCO3 
(ppm) 
CZO a 
(%) 
CEC 
NI-14C1 
troN 
Exchangeable cations 
(me%) 
Al Ca Mg Mn K Na 
0-10* 16 24 180 0.17 1.25 0.34 0.02 0.33 0.26 
0-9 15 19 200 0.16 1.20 0.34 0.02 0.38 0.17 
9-20 40 2 90 0,34 1.26 0.32 <0.02 0.16 0.05 
20-40 120 <2 54 0.31 1.17 0.33 <0.02 0.08 0.05 
40-60 150 <2 27 0.58 0.96 0.36 <0.02 0,02 0.06 
60-90 320 <2 26 0.77 0.59 0.38 <0.02 0.02 0.08 
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Appendix 5 
and unit attributes fc?:oil-landscape mapping 
Land unit attributes which are useful for decisions on capability are listed under three groups: 
• Susceptibility to land degradation 
• Properties important to agricultural land uses 
• Properties important to development 
Properties susceptible to land degradation 
Section Description Acceptable codes 
I Water repellence L (low), M (moderate), H (high) 
2 Soil structure degradation L (low), M (moderate), H (high) 
3 Subsoil compaction L (low), M (moderate), H (high) 
4 Subsurface acidification L (low), M (moderate), H (high) 
5 Wind erosion L (low), M (moderate), H (high) 
6 Water erosion L (low), M (moderate), H (high) 
7 Phosphorus loss L (low), M (moderate), H (high) 
Properties important to agricultural land uses 
Section Description Acceptable codes 
8 Unrestricted rooting depth VS (<15), S (<30), M (30-80), D (>80), VD (>150) cm 
9 Soil water storage L (<50), M L  (50-100), M (100-150), H (>150) 
in mm/100 cm or the unrestricted rooting depth 
10 Salinity N (nil), S, (slight), M (moderate), H (high), E (extreme) 
11 Pficac12 0-20 & 50-80 cm V L  (<4.5), L (4.5-5.5), M (5.5-7.5), H (> 7.5) 
12 Site drainability R (rapid), W (well), M W  (moderately well), M (moderate), 
P (poor) and VP (very poor) 
13 Soil workability G (good), F (fair), P (poor), VP (very poor) 
Properties important to development 
Section Description Acceptable codes 
14 Microbial purification ability V L  (very low), L (low), M (moderate), H (high) 
15 Land instability N (nil), V L  (very low), L (low), M (moderate), H (high) 
16 Flood risk N (nil), L (low), M (moderate), H (high) 
17 Ease o f  excavation H (high), M (moderate), L (low), V L  (very low) 
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